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Sin 

I, Audrey D. Goddard, PLD. do hereby declare and say as follows: 

1 . I am a Senior Clinical Scientist at the Experimtental Medicine/BioCtacology, Medical 
Affairs Department of Genentech, Inc., South San Francisco, California 94080. 

2. Between 1993 and 2001, 1 headed the DNA Sequencing Laboratory at tiie Molecular 
Biology Department of Genentech, Inc. During this time, my responsibilities included the 
identification and characterization of genes contributing to the oncogenic process, and determination 
of the chromosomal localization of novel genes. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to and 
forms part of this Declaration (Exhibit A). 
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4. I am familiar with a variety of techniques known in the art for detecting and 
quantifying the amplification of oncogenes in cancer, including the quantitative TaqMan PGR (i.e., 
"gene amplification") assay described in the above captioned patent application. 

5. The TaqMan PGR assay is described, for example, in the following scientific 
publications: Higuchi et aL, Biotechnology 10:413-417 (1992) (Exhibit B); Livak ei aL, PGR 
Methods AdpL. 4:357-362 (1995) (Exhibit G) and Heid et al. Genome Res. 6:986-994 (1996) 
(Exhibit D). Briefly, the assay is based on the principle that successful PGR yields a fluorescent 
signal due to Taq DNA polymerase-mediated exonuclease digestion of a fluorescently labeled 
oligonucleotide that is homologous to a sequence between two PGR primiers. The extent of 
digestion depends directly on the amount of PGR, and can be quantified accurately by measuring the 
increment in fluorescence that results firom decreased energy transfer. This is an extremely sensitive 
technique, which allows detection in the exponential phase of the PGR reaction and, as a result, 
leads to accurate determination of gene copy number. 

6. The quantitative fluorescent TaqMan PGR assay has been extensively and 
successfully used to characterize genes involved in cancer development and progression. 
Amplification of protooncogenes has been studied in a variety of human tumors, and is widely 
considered as having etiological, diagnostic and prognostic significance. This use of the quantitative 
TaqMan PGR assay is exemplified by the following scientific publications: Pennica et cd.^ Proc. 
Natl. Acad. Sci. USA . 95(25): 147 17- 14722 (1998) (Exhibit E); Pitti et al. Nature 
396(6712);699-703 (1998) (Exhibit F) and Bieche et aL, Int. J. Cancer 78:661-666 (1998) (Exhibit 
G), the first two of which I am co-author. In particular, Permica et al have used the quantitative 
TaqMan PGR assay to study relative gene amplification of WISP and c-myc in various cell lines, 
colorectal tumors and normal mucosa. Pitti et al studied the genomic amplification of a decoy 

. receptor for Fas ligand in lung arid colon cancer, using the quantitative TaqMan PGR assay. Bieche 
etai used the assay to study gene amplification in breast cancer. 
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7. It is my personal experience that the quantitative TaqMan PGR technique is 
technically sensitive enough to detect at least a 2-fold increase in gene copy number relative to 
control It is further my considered scientific opinion that an at least 2-fold increase in gene copy 
number in a tumor tissue sample relative to a normal (i:e., non-tumor) sample is significant and 
usefiil in that the detected increase in gene copy number in the tumor sample relative to the normal 
sample serves as a basis for using relativie gene copy number as quantitated by the TaqMan PGR 
technique as a diagnostic marker for the presence or absence of tumor in a tissue sample of unknown * 
pathology. Accordingly, a gene identified as being amplified at least 2-fold by the quantitative 
TaqMan PGR assay in a tumor sample relative to a normal sample is usefiil as a marker for the 
diagnosis of cancer, for monitoring cancer development and/or for measuring the eflficacy of cancer 
therapy. 

8. ~r declare fixrther that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true. I declare that these 
statements were made with the knowledge that willfiil false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Go.de, and that such willfiil false statements may jeopardize the validity of the application or any 
patent issuing thereon. 
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PROFESSIONAL EXPERIENCE 



Genentech, inc. 



1993*present 



South San Francisco, CA 

2001 - present Senior Clinical Scientist 
Experimental Medicine / BioOncology, Medical Affairs . 

Responsibilities: 

• Companion diagnostic oncology products 

• Acquisition of clinical samples from Genentech's clinical trials for translational research 

• Translational research using clinical specimen and data for drug development and 



• Member of Development Science Review Committee, Diagnostic Oversight Team, 21 CFR 
Part11 Subteam 



Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities: 

• Management of a laboratory of up to nineteen -including postdoctoral fellow, associate 
scientist, senior research associate and research assistants/associate levels 

• Management of a $750K budget 

• DAM sequencing core facility supporting a 350+ person research facility, 

• DNA sequencing for high throughput gene discovery, - ESTs, cDNAs, and constructs 

• Genomic sequence analysis and gene identification 

• DNA sequence and primary protein analysis 

Research: 

• Chromosomal localization of novel genes 

• Identification and characterization of genes contributing to the oncogenic process 

• Identification and characterization of genes contributing to inflammatory diseases 

• Design and development of schemes for high throughput genomic DNA sequence analysis 

• Candidate gene prediction and evaluation 



diagnostics 



Interests: 

• Ethical and legal implications of experiments with clinical specimens and data 

• Application of pharmacogenomics in clinical trials 



1998-2001 



Senior Scientist 
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1993 - 1998 



Scientist 



Head of the DNA Sequencing Laboratory, Molecular Biology Department. Research 
Responsibilities 

• DNA sequencing core facility supporting a 350+ person research facility 

• Assumed responsibility for a pre-existing team of five technicians and expanded the group 
into fifteen, introducing a level of middle management and additional areas of research 

• Participated in the development of the basic plan for high throughput secreted protein 
discovery program - sequencing strategies, data analysis and tracking, database design 

• High throughput EST and cDNA sequencing for new gene identification. 

• Design and implementation of analysis tools required for high throughput gene identification, 

• Chromosomal localization of genes encoding novel secreted proteins. 

Research: 

• Genomic sequence scanning for new gene discovery. 

• Development of signal peptide selection methods, 

• Evaluation of candidate disease genes. 

• Growth honmone receptor gene SNPs in children with Idiopathic short stature 

Imperial Cancer Research Fund 1989-1992 
London; UK with Dr. Ellen Solomon 

6/89-12/92 Postdoctoral Fellow 

• Cloning and characterization of the genes fused at the acute promyelocytic leukemia 
translocation breakpoints on chromosomes 17 and 15. 

• Prepared a successfully funded European Union multi-center grant application 

McMaster University 1983 
Hamilton, Ontario, Canada with Dr. G. D. Sweeney 

5/83 - 8/83: NSERC Summer Student 

• In vitro metabolism of p-naphthoflavone in C57BI/6J and DBA mice 



EDUCATION 



Ph.D. 



University of Toronto 
Toronto, Ontario, Canada. 
Department of Medical 
Biophysics, 



"Phenotypic and genotypic effects of mutations in 
the human retinoblastoma gene." 
Supervisor: Dr. R. A. Phillips 



1989 



Honours B.Sc 

'The in vitro metabolism of the cytochrome P-448 
inducer p-naphthoflavone in C57BL/6J mice.' 
Supervisor: Dr. G. D. Sweeney 



McMaster University. 
Hamilton, Ontario, Canada. 
Department of Biochemistry 



1983 
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ACADEMIC AWARDS 



Imperial Cancer Research Fund Postdoctoral Fellowship 

Medical Research Council Studentship 

NSERC Undergraduate Summer Research Award 

Society of Chemical Industry Merit Award (Hons. Biochem.) 

Dr. Harry Lyman Hooker Scholarship 

J.LW. Gill Scholarship 

Business and Professional Women's Club Scholarship 
Wyerhauser Foundation Scholarship 



1989-1992 
1983-1988 
1983 



1983 



1981-1983 
1981-1982 
1980-1981 
1979-1980 



INVITED PRESENTATIONS 

Genentech's genie discovery pipeline: High throughput identification, cloning and 
characterization of novel genes. Functional Genomics: From Genome to Function, Litchfield 
Park. AZ. USA. October 2000 

High throughput identification, cloning and characterization of novel genes. G2K:Back to 
Science. Advances in Genome Biology and Technology I. Marco Island. FL, USA. February 



Quality control in DNA Sequencing: The use of Phred and Phrap. Bay Area Sequencing 
Users Meeting, Berkeley, CA, USA. April 1999 

High throughput secreted protein identification and cloning. Tenth Intemational Genome 
Sequencing and Analysis Conference, Miami. FL, USA. September 1998 

The evolution of DNA sequencing: The Genentech perspective. Bay Area Sequencing Users 
Meeting. Berkeley, CA. USA. May 1998 

Partial Growth Hormone Insensitivity: The role of GH-receptor mutations in Idiopathic Short 
Stature. Tenth Annual National Cooperative Growth Study Investigators Meeting, San 
Francisco, CA, USA. October. 1996 ' 

Growth homrione (GH) receptor defects are present in selected children with non-GH-deficient 
short stature: A molecular basis for partial GH-insensitivity. 76^ Annual Meeting of The 
Endocrine Society, Anaheim, CA, USA. June 1994 

A previously uncharacterized gene, myl, is fused to the retinoic acid receptor alpha gene in 
acute promyelocytic leukemia, XV International Association for Comparative Research on 
Leukemia and Related Disease, Padua. Italy. October 1991 



2000 
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PATENTS 

Goddard A, Godowski PJ. Gurney AL. NL2 Tie ligand homologue polypeptide. Patent 
Number: 6.455.496. Date of Patent: Sept. 24, 2002. 

Goddard A. Godowski PJ and Gurney AL. NL3 Tie ligand homologue nucleic acids. Patent 
Number: 6.426,218. Date of Patent: July 30, 2002. 

Godowski P, Gurney A. Hillan KJ, Botstein D. Goddard A. Roy M, Ferrara N, Tumas D. 
Schwall R. NL4 Tie ligand homologue nucleic add. Patent Number: 6,4137,770. Date of 
Patent: July 2, 2002. 

Ashkenazi A, Fong S, Goddard A, Gurney AL, Napier MA, Tumas D, Wood Wl, Nucleic acid 
encoding A-33 related antigen poly peptides. Patent Number: 6,410.708. Date of Patent:: 
Jun. 25. 2002. 

Botstein DA, Cohen RL, Goddard AD. Gurney AL, Hillan KJ, Lawrence DA, Levine AJ, 
Pennica D, Roy MA and Wood WL WISP polypeptides and nucleic acids encoding same. 
Patent Number: 6.387,657. Date of Patent: May 14. 2002. 

Goddard A, Godowski PJ and Gurney AL. Tie ligands. Patent Number: 6.372.491. Date of 
Patent: April 16.2002. 

Godowski PJ. Gurney AL, Goddard A and Hillan K. TIE ligand homologue antibody. Patent 
Number: 6.350,450. Date of Patent: Feb. 26, 2002. 

Fong S. Ferrara N. Goddard A. Godowski PJ, Gurney AL, Hillan K and Williams PM. Tie 
receptor tyrosine kinase ligand homologues. Patent Number: 6.348,351. Date of Patent: 
Feb. 19. 2002. 

Goddard A, Godowski PJ and Gumey AL. Ligand homologues. Patent Number: 6,348,350. 
Date of Patent: Feb. 19. 2002. 

Attie KM, Carlsson LMS, Gesundheit N and Goddard A. Treatment of partial growth 
hormone insensitivity syndrome. Patent Number: 6,207,640. Date of Patent: March 27, 
2001, 

Fong S, Fenrara N, Goddard A, Godowski PJ, Gurney AL. Hillan K and Williams PM, Nucleic 
acids encoding NL-3. Patent Number: 6,074,873. Date of Patent: June 13. 2000 

Attie K, Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5.824,642. Date of Patent: October 20, 1998 

Attie K, Carlsson LMS. Gesunheit N and Goddard A. Treatment of partial growth honmone 
insensitivity syndrome. Patent Number: 5.646, 11 3. Date of Patent: July 8, 1997 

Multiple additional provisional applications filed 
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PUBLICATIONS 

Seshasayee D, Dowd P. Gu Q, Erickson S, Goddard AD Comparative sequence analysis of 
the HER2 locus in mouse and man. Manuscript in preparation. 

Abu2zahab MJ, Goddard A. Grigorescu F. Lautier C. Smith RJ and Chernausek SD. Human 
IGF-1 receptor mutations resulting in pre- and post-natal growth retardation. Manuscript in 
preparation. 

Aggarwal S, Xie, M-H, Foster J, Frantz G, Stinson J, Corpuz RT, Simmons L, Hillan K, 
Yansura DG, Vandlen RL, Goddard AD and Gurney AL. FHFR, a novel receptor for the 
fibroblast growth factors. Manuscript submitted. 

. Adams SH, Chui 0, Schilbach SL, Yu XX. Goddard AD, Grimaldi JC. Lee J, Dowd P, Colman 
S., Lewin DA. (2001) BFIT. a unique acyl-CoA thioesterase induced in thermogenic brown 
adipose tissue: Cloning, organization of the human gene, and assessment of a potential link 
to obesity. Biochemical Journal 360: 1 35-142. 

Lee J. Ho WH. Maruoka M. Corpuz RT. Baldwin DT. Foster JS, Goddard AD. Yansura DG. 
Vandlen RL. Wood Wl. Gurney AL. (2001) IL-17E. a novel proinflammatory ligand for the IL- 
17 receptor homolog IL-17Rh1. Journal of Biological Chemistry 276(2): 1660-1664. 

Xie M-H, Aggan/val S, Ho W-H. Foster J. Zhang Z, Stinson J. Wood Wl. Goddard AD and 

Gurney AL, (2000) Interleukin (iL)-22. a novel human cytokine that signals through the 
interferon-receptor related proteins CRF2-4 and IL-22R. Journal of Biological Chemistry 275: 
31335-31339. 

Weiss GA. Watanabe CK, Zhong A, Goddard A and Sidhu SS. (2000) Rapid mapping of 
protein functional epitopes by combinatorial alanine scanning. Proc, NatL Acad. ScL USA 97: 
8950-8954. 

Guo S. Yamaguchi Y, Schilbach S, Wada t.;Lee J, Goddard A. French D . Handa H. 
Rosenthal A. (2000) A regulator of transcriptional elongation controls vertebrate neuronal 
development Nature 408: 366-369. 

Yan M, Wang L-C. Hymowitz SG. Schilbach S. Lee J. Goddard A, de Vos AM. Gao WQ, Dixit 
VM. (2000) Two-amino acid molecular switch in an epithelial morphogen that regulates 
binding to two distinct receptors. Science 290: 523-527. 

Sehl PD, Tai JTN, Hillan KJ, Brown LA, Goddard A, Yang R, Jin H and Lowe DG. (2000) 
Application of cDNA microarrays in determining molecular phenotype in cardiac growth, 
development, and response to injury. Circulation 101: 1990-1999. 

Guo S. Brush J, Teraoka H, Goddard A, Wilson SW. Mullins MC and Rosenthal A. (1999) 
Development of noradrenergic neurons in the zebrafish hindbrain requires BMP, FGF8, and 
the homeodomain protein soulless/Phox2A. Neuron 24: 555-566. 

Stone D, Murone, M, Luoh, S. Ye W, Armanini P, Gurney A, Phillips HS, Brush, J, Goddard 
A, de Sauvage FJ and Rosenthal A. (1999) Characterization of the human suppressor of 
fused; a negative regulator of the zinc-finger transcription factor Gli. J. Cell Sci. 112: 4437- 
4448. 

Xie M-H, Holcomb I, Deuel B, Dowd P, Huang A. Vagts A, Foster J, Liang J, Brush J, Gu Q, 
Hillan K, Goddard A and Gurney, A.L. (1999) FGF-19, a novel fibroblast growth factor with 
unique specificity for FGFR4. Cytokine 1 1 : 729-735. 
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Yan M, Lee J, Schilbach S, Goddard A and Dixit V. (1999) mE10, a novel caspase 
recruitment domain-containing proapoptotic molecule, J. Biol, Chem, 274(15): 10287-10292. 

Gurney AL. Marsters SA, Huang RM, Pitti RM, Mark DT, Baldwin DT, Gray AM. Dowd P. 
Brush J, Heldens S, Schow P, Goddard AD, Wood.WI, Baker KP, Godowski PJ and 
Ashkenazi A. (1999) identification of a new member of the tumor necrosis factor family and its 
receptor, a human ortholog of mouse GITR. Current Biology 9(4): 21 5-218. 

Ridgway JBB, Ng E. Kern JA ,Lee J, Brush J, Goddard A and Carter P. (1999) Identification 
of a human anti-CD55 single-chain Fv by subtractive panning of a phage library using tumor 
and nontumor cell lines. Cancer Research 59: 2718-2723. 

Pitti RM, Marsters SA, Lawrence DA. Roy M. Kischkel FC. Dowd P. Huang A, Donahue CJ. 
ShenA^ood SW, Baldwin DT, Godowski PJ. Wood Wl, Gurney AL, Hillan KJ. Cohen RL, 
Goddard AD. Botstein D and Ashkenazi A. (1998) Genomic amplification of a decoy receptor 
for Fas ligand in lung and colon cancer. Nature 396(671 2): 699-703, 

Pennica D. Swanson TA. Welsh JW. Roy MA. Lawrence DA. Lee J. Brush J. Taneyhill LA, 
Deuel B. Lew M. Watanabe C, Cohen RL, Melhem MF. Finley GG. Quirke P. Goddard AD. 
Hillan KJ, Gurney AL, Botstein D and Levine AJ. (1998) WISP genes are members of the 
connective tissue growth factor family that are up-regulated in wnt-1 -transformed cells and 
abenrantly expressed in human colon tumors. Proc. Natl. Acad. ScL USA, 95(25): 14717- 
14722. 

Yang RB, Mark MR, Gray A, Huang A, Xie MH. Zhang M, Goddard A, Wood Wl, Gurney AL 
and Godowski PJ. (1998) Toll-like receptor-2 mediates lipopolysaccharide-induced cellular 
signalling. Nature 395(6699): 284-288. 

Merchant AM. Zhu Z, Yuan JQ. Goddard A, Adams CW. Presta LG and Carter P. (1998) An 
effident route to human bispecific IgG. Nature Biotechnology ^Bil): 677-681 . 

Marsters SA. Sheridan JP, Pitti RM, Brush J, Goddard A and Ashkenazi A. (1998) 
Identification of a ligand for the death-domain-containing receptor Apo3. Current Biology 8(9): 
525-528. 

Xie J. Murone M. Luoh SM, Ryan A, Gu Q. Zhang C. Bonifas JM, Lam CW. Hynes M. 
Goddard A, Rosenthal A, Epstein EH Jr. and de Sauvage FJ. (1998) Activating Smoothened 
mutations in sporadic basal-cell carcinoma. Nature. 391(6662): 90-92. 

Marsters SA. Sheridan JP, Pitti RM, Huang A. Skubatch M, Baldwin D, Yuan J. Gurney A, 
Goddard AD, Godowski P and Ashkenazi A. (1997) A novel receptor for Apo2L/TRAIL 
contains a truncated death domain. Current Biology. 7(12): 1003-1006. 

Hynes M. Stone DM, Dowd M. Pitts-Meek S, Goddard A. Gurney A and Rosenthal A. (1997) 
Control of cell pattern in the neural tube by the zinc finger transcription factor G//-1 Neuron 
19:15-26. 

Sheridan JP, Marsters SA. Pitti RM. Gurney A., Skubatch M, Baldwin D, Ramakrishnan L, 
Gray CL, Baker K. Wood Wl, Goddard AD. Godowski P, and Ashkenazi A. (1997) Control of 
TRAIL-lnduced Apoptpsis by a Family of Signaling and Decoy Receptors. Science 277 
(5327): 818-821. 
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Goddard AD, Dowd P. Chemausek S, Geffner M, Gertner J, Hintz R, Hopwood N, Kaplan S, 
Plotnick L, Rogol A, Rosenfield R, Saenger P, Mauras N, Hershkopf R. Angulo M and Attie. K. 
(1997) Partial growth hormone insensitivity: The role of growth hornnone receptor mutations in 
idiopathic short stature. J. Pediatr. 131: S51-55. 

Klein RD, Sherman D, Ho WH, Stone D, Bennett GL, Moffat B, Vandlen R. Simmons L, Gu Q, 
Hongo JA, Devaux B. Poulsen K, Armanini M, Nozaki C. Asai N, Goddard A, Phillips H, 
Henderson CE. Takahashi M and Rosenthal A. (1997) A GPI-llnked protein that interacts with 
Ret to fomi a candidate neurturin receptor. Nature. 387(6634): 717-21 . 

Stone DM, Hynes M, Amianini M. Swanson TA, Gu Q. Johnson RL. Scott MP, Pennica D, 
Goddard A, Phillips H. Noll M, Hooper JE, de Sauvage F and Rosenthal A. (1996) The 
tumour-suppressor gene patched encodes a candidate receptor for Sonic hedgehog. Nature 
384(6605): 129-34. 

Marsters SA, Sheridan JP, Donahue CJ, Pitti RM, Gray CL, Goddard AD, Bauer KD and 
Ashkenazi A. (1 996) Apo-3, a new member of the tumor necrosis factor receptor family, 
contains a death domain and activates apoptosis and NF-kappa p. Current Biology 6(12): 
1669-76. 

Rothe M, Xiong J, Shu HB. Williamson K, Goddard A and Goeddel DV. (1996) l-TRAF is a 
novel TRAF-interactlng protein that regulates TRAF-mediated signal transduction. Proc. Natl. 
Acad. Sci. USA 9Z:82A^^8246. 

Yang M, Luoh SM. Goddard A, Reilly D, Henzel W and Bass S. (1996) The bglX gene 
located at 47.8 min on the Escherichia coli chromosome encodes a periplasmic beta- 
glucosidase. Microbiology 142: 1659-65. 

Goddard AD and Black DM. (1996) Familial Cancer in Molecular Endocrinoloqv of Cancer. 
Waxman, J. Ed. Cambridge University Press. Cambridge UK, pp.1 87-21 5. 

Treanor JJS. Goodman L, de Sauvage F, Stone DM, Poulson KT, Beck CD, Gray C, Armanini 
MP, Pollocks RA, Hefti F. Phillips HS, Goddard A, Moore MW, Buj-Belio A, Davis AM. Asai N, 
Takahashi M. Vandlen R, Henderson CE and Rosenthal A. (1996) Characterization of a 
receptor for GDNF. Nature 382: 80-83. 

Klein RD, Gu Q. Goddard A and Rosenthal A. (1996) Selection for genes encoding secreted 
proteinis and receptors. Proc. Natl. Acad. Sci. USA 93: 7108-71 13. 

Winslow JW, Moran P, Valverde J, Shih A. Yuan JQ, Wong SC, Tsai SP. Goddard A, Henzel 
WJ, Hefti F and Caras I. (1995) Cloning of AL-1, a ligand for art Eph-related tyrosine kinase 
receptor involved in axon bundle formation. Neuron 14: 973-981. 

Bennett BD, ZeiglerFC, Gu Q. Fendly B. Goddard AD, Gillett N and Matthews W. (1995) 
Molecular cloning of a ligand for the EPH-related receptor protein-tyrosine kinase Htk. Proc. 
Natl. Acad. Sci. USA 92: 1866-1870. 

Huang X, Yuang J, Goddard A, Foulis A, James RF. Lernmark A, Pujol-Borrell R, 
Rabinovitch A, Somoza N and Stewart TA. (1995) Interferon expression in the pancreases of 
patients with type I diabetes. Diabetes 44: 658-664. 

Goddard AD. Yuan JQ, Fairbairn L, Dexter M. Borrow J, Kozak C and Solomon E. (1995) 
Cloning of the murine homolog of the leukemia-associated PML gene. Mammalian Genome 
6: 732-737. 
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Goddard AD, Covello R, Luoh SM, Clackson T, Attie KM, Gesundheit N, Rundle AC, Wells 
JA. Carisson LMTI and The Growth Hormone Insensitivity Study Group. (1995) Mutations of 
the growth hormone receptor in children with idiopathic short stature. A/. EngL J. Med, 333: 
1093-1098. 

Kuo SS. Moran P, Gripp J, Armanini M, Phillips HS, Goddard A and Caras IW. (1994) 
Identification and characterization of Batk, a predominantly brain-specific non-receptor protein 
tyrosine kinase related to Csk. J. NeuroscL Res. 38: 705-715. 

Mark MR. Scadden DT, Wang Z. Gu Q, Goddard A and Godowski PJ, (1994) Rse. a novel 
receptor-type tyrosine kinase with homology to Axl/Ufo. is expressed at high levels in the 
brain. Journal of Biological Chemistry 269: 1 0720-1 0728. 

Borrow J. Shipley J. Howe K, Kiely F, Goddard A, Sheer D, Srivastava A, Antony AC, 
Fioretos T. Mitelman F and Solomon E. (1994) Molecular analysis of simple variant 
translocations in acute promyelocytic leukemia. Genes Chromosomes Cancer 9: 234-243. 

Goddard AD and Solomon E. (1993) Genetics of Cancer. Adv, Hum, Genet 21: 321-376. 

Borrow J, Goddard AD, Gibbons B. Katz F. Swirsky D. Fioretos T. Dube I, Winfield DA. 
Kingston J. Hagemeijer A, Rees JKH, Lister AT and Solomon E. (1 992) Diagnosis of acute 
promyelocytic leukemia by RT-PCR: Detection of PML-RARA and RARA-PML fusion 
transcripts. Br, J, Haematol, 82: 529-540. 

Goddard AD, Borrow J and Solomon E. (1992) A previously uncharacterized gene. PML, is 
fused to the retinoic acid receptor alpha gene in acute promyelocytic leukemia. Leukemia 6 
Suppl3: 117S-119S. 

Zhu X. Dunn JM, Goddard AD, Squire JA, Becker A, Phillips RA and Gallie BL. (1992) 
Mechanisms of loss of heterozygosity in retinoblastoma. Cytogenet Cell, Genet 59: 248-252. 

Foulkes W, Goddard A. and Pate! K. (1991) Retinoblastoma linked with Seascale [letter]. 
British Med, J. 302: 409. 

Goddard AD, Borrow J, Freemont PS and Solomon E, (1991) Characterization of a novel zinc 
finger gene disrupted by the t(15;17) in acute promyelocytic leukemia. Science 254: 1371- 
1374. 

Solomon E, Borrow J and Goddard AD. (1991) Chromosomal aberrations in cancer. Science 
254:1153-1160. 

Pajunen L. Jones TA, Goddard A, Sheer D. Solomon E. Pihiajaniemi T and Kivirikko Kl. 
(1991) Regional assignment of the human gene coding for a multifunctional peptide (P4HB) 
acting as the p-subunit of prolyl-4-hydroxylase and the enzyme protein disulfide isomerase to 
17q25. Cytogenet Cell, Genet 56: 165-168. 

Bon-ow J, Black DM, Goddard AD. Yagle MK. Frischauf A.-M and Solomon E. (1991) 
Construction and regional localization of a Not\ linking library from human chromosome 17q. 
Genomics 10: 477-480. 

Borrow J. Goddard AD. Sheer D and Solomon E. (1990) Molecular analysis of acute 
promyelocytic leukemia breakpoint cluster region on chromosome 17. Science 249: 1577- 
1580. 
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Myers JC, Jones TA, Pohjolainen E-R, Kadri AS. Goddard AD. Sheer D, Solomon E and 
Pihiajaniemi T. (1990) Molecular cloning of 5(IV) collagen and assignment of the gene to the 
region of the region of the X-chromosome containing the Alport Syndrome locus. Am. J. Hum. 
Genet. 46: 1024-1033. 

Gallie BL, Squire JA. Goddard A, Dunn JM, Canton M, Hinton D, Zhu X and Phillips RA. 
(1990) Mechanisms of oncogenesis in retinoblastoma. Lab. Invest. 62: 394-408. 

Goddard AD. Phillips RA, Greger V, Passarge E, Hopping W, Gallie BL and Horsthemke B. 
(1990) Use of the RBI cDNA as a diagnostic probe in retinoblastoma families. Clinical 
Genef/cs 37: 117-126. 

Zhu XP. Dunn JM. Phillips RA, Goddard AD, Paton KE. Becker A and Gallie BL. (1989) 
Gprmline, but not somatic, mutations of the RBI gene preferentially involve the paternal 
allele. Nature 340: .312-314. 
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We bave enhanced Ihe pol)rmei:a$c chaiii \ 
reactioit (PGR) such that specific DNA 
$equencc:s can be detected without open- 
ing the reactiian tube* This enhanceraeiit 
requires the addition of ethi<3&um b^noinide 
(EtBr) to a PCR. Since Ae fluorescence of 
EtBr increases in dxe jjresence of double* 
stranded (ds) DNA an incx'ease in fiuot?es« 
cence in sudh a PGR indicates a positive 
amplification, iirbicli can be momr 
toted externally. In fact, amplification can 
be continuously monitored in order to 
foUow its progiess, tile ability to simulta- 
neously amplify specific DNA sequences 
and detect the product of the amplification 
both stmplifiies and improves PGR and 
may fieicilitaie its automation and more 
wide^n^ead use in the clinic or in other 
situations requidj^g h^fa sample llm>ugh- 
put 



llhouf h tUc potential b!cnc6.« of PCR* to.clin- 
kdl dttgnoidcs arc well kiiowiii*'*, it i$ still not 
_ widely vscd in^s setdng, even tltough it is 
^ JL. £mxf >"ear4 fiiucq thcrcnoistsibi^ DNA pojymt^r^ 
mfldc PCR practical. Some of the r^easbns for its slow 
acceptance are lugh cq9X, tank of automation of pre-? and 
post-PCR processing steps, and fake positive results, from 
carryovcr<Ontafnination, The first two poiDt» arc related 
in that labor U the largest cotitribucor to cost ait the present 
stage of PCR development* Most eurrenit assays require 
some form of "downstream" processing once ^ermocy^ 
ding ts done in order lo detenmne whether the target 
DNA sequence waa present and ha$ amplified, ThtiA 
include DNA hybridiwtion*^» gel elc<^phorefti& with or 
Without use of n^trlction dtgesdon^;*, HFLCr, or capiilayy 
cleetTophorcsw^®* These methods 3re labor-intense, haTe, 
tow throughput, and are difficult to adtOToate. The third 
point is aLo ck»ety teiated to downstream processing. 
The handling of the PCfe produa in these downstream 
processes increases the chatkces thai ainplilied DNA .wiH 
«piead through the t^ng lah, fresuloiig in a .risk of 



"carryover" fMae positives in subseijuent tesdng". 

These downstream processing steps would be elimi- 
nated if specific ampUfication and detection of amplified 
DNA took pkce sisiultancomly wtthiR an unopctsed re- 
acticm vessel As^ys m wtuch Slid) diIFei«m proce^ 
3lace without. the &cod to separate reaction components 
lavc beet* temed "•Siomogencotis''- Ko truly hbmogc-. 
tieous PCR assay has been demonstrated to date, although 
progTii3is towards thb end has been reported* Ch^b, et 
aL**, developed a PCR product detection scheme using 
fluorescent primers that resulted In a fiuorcscent PCR 
product Allelc-fipedfic prim^, cwh with diflfercnt Buo- 
tesdent tags* were used to indtisatc the genotype of the 
DT4A. However, the oninoorporaied primers tnust stdl be 
lemoved in a downstream process in order to vfeualizc ibe 
i^olt Recently, Hofliftd, ct ai**. developed an assay ift 
SwhAch the endogenous 5' «3«^nudease assay of Xflf DNA 
pdty tnexase was explohcd to cleave a labeled ^gomideo- 
tide probe. The prc*e wrould only deave if fCR am[^h- 
cation had produced its coropleiMeatary sequence. In 
Qider to detect the dcavage pt5)ducts, however, a subse- 
quent process is again needed, . 

We have developed a truly homogeneous assay for PGR 
and PGR produa detecdon based upon tbc gready in- 
cf^ased fluorescence that ethxdiom broinide and other 
DNA binding dyes e^dubit whco they arc bound .to^- 
DNA^^**. As outHncd in Figure h a pitnotypic PGR 
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1 Mndpic of simultaacous amplificotioti and dciecttOA of , 
PCRproduGL ThccoinpdimitJ^ofaKtRcoatMfihi^EtBrthaiaTO 
QiloresQent areliscedr-EtBritseJC EtSr bound toeidierssDMAOT 
dsDN A. There ht a laree fiuorcscenoc cnhanGcoicdt v^hcn EtBr |s 
bound to DMA aod binding h greatly cahanccd when DNA .is 
doufalc-stTaa\dcd* After sufficient <n) .cvdcs of PGR* the net 
increase m d.%DNA results in additional Et&r biiuSng, and » i«ct 
kumtse in totad fliuxrciiccnce: 
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IMW t Gel dcctrophoresis of PCR aimtylificalion pnxJucts of the 
humao, tti<c&ar gcnc>, HLA DQtt, made in the pre$ccDc of 
incrcAsiag amounts of EtBr (up to S ftg/tnl). The presence of 
Et3r tias tuo obvious efiect on tlic yield or spcdSixkf of amplifn 
CRcion. 





FHHK 9 (A) Ftoocescence mcasurcmenu |h>oi PCRs that contaia 
0.5 ix^m! EiBr and that ate spcdfic fisr Y^irotnosOoae repeat 
MOtueticc*. Five repSicate PGRs. begun cont^tininf each of the 
DNA* specif. At jrach mdk^tcd cyde. one of the five replkatc 
PCRs for cflch DNA TurSs pcraoved from thcnnoc^clmg and Hs 
fluorescence measured, Uniu of fluorcMxnce Are artditrary. (&> 
UV |>boiOgnip}i7 of PCRtul)«c (0.5 ml EppcndOTf -^^le, poiyjpro^ 
pykne m1cr»<«mij£u0c 'tubes) c6numi»|[ redctions^ those scattp 
mg Crom t ng male DlS A aiid control Tcaci 



from (A). 



I Tcadoona wiU)om any DNA, 
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begins with primers that are sing]e-$tniDdcd DNA (ss- 
DNA)» 4NTPs» aod DNA polymerase; An aiiiQunt of 
<L<;DNA containmg the target sequence (target DN^A) h 
also typically present Thh ainouat can vary, depending 
on the application, from stngje-ceU aznount$ of DNA^^ to 
microhms per 1*CR^®, If EtBr is present^ the reagems 
that will fluoresce, in order of increasing iiuorcsccnoe* are 
free EtBr hsdfi and EtBr bound to the singk^trandcd 
DNA primers and co the double^trandcd target DNA (by^ 
its intercalation between the stacked bases of the DNA 
doubk>hduO* After the first denaturation cydt^ target 
DNA will i>e largely $lng)c-stranded. After a KR b 
completed, the most signimxmt chaixge is the increase in 
the amount of dsDNA (the PGR produa it$etf) of up to 
several micrograms. Formerly free EtBr ts bound to the 
additional dsDNA4 resulting in an mcrease m fluores- 
cence. There is also some decrease -in the amount of 
ssDNA primer, but becau^ the binding of EtBr to sfrDN A 
h much less than to dsDNA, the effect of this change on 
the total RuorcKcDCc of the sample is smalL The fluores- 
cence increase can be measured by directing catotadon 
iUumiftation (hrougb the walls of the amplUxcadoA vessel 
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before and after, or even com jauously during, thermocy. 
ding. 

RESULTS 

PCR in th« presence of EtBr. Id order to assei>s th^ 
affect of EtBr in PGR, amphhcations of the hunian Hl^ 
DQa gtne*^ vrcre performed with the dye preset at 
concentrations from 0,06 to 8,0 p.gfml (a tyjpical conceii- 
tration of EtBr ui^ed tn staining of nudek aads following 
g^t ekctrophoresis is 0.5 yL^m^, As shown in Hgure 2/gd 
ele^i^^hoTcsis ixvealed little or no dificrencc id the yleW 
or quality of the ampiifkadon product whether EtBr was 
a!Ment or present at any of these concentrations, indicat-* 
ing that EtBr does nor inhibit PGR. 

^icsices^ Sequence-specific fluorescence ecJianoement of 
EcEr a^ a result of PCR was demonscral^d in a scnes of 
amplifications containing 0,5 v^gfml EtBr and pttmen 
spedf^c to repeat DNA sequences found on the human 
Y-chromo$oxnc*^. These PCRs initially contahied cither 
60 ng male, 60 ng ^male, 2 ng jnak human or no DNA. 
Five replicate PCRs were begun for each DNA* After 0, 
1 7, 21 , 24 and 29 cycles of thenuocydlng, a PCR &>r each 
1>NA was removed from the thermocyder, and its. fluo- 
rescence measuTtrd in a spcctrofinoromecer and pioued 
V5, amplificadon cyde nureiber (Fig. 3A). The shape of this 
curve tcieds the fact that by the titne an increase in 
fluorescence can b^ detixted, d>c increase in DNA i$ 
becoming linear and not cxpoiiesuJai wiih cyde number; 
As shown, the fluorescence increased about three-fold 
over the bad;grOund fluotesoisnce for the PCRs c^ontain- 
iog human male DNA, but did not significantly increase 
for ncgadve control PCRs, which conta^ed ^ther no 
DNA or human female DNA. The more male DNA 
present to begin with— 60 ng versus 2 ng— the fewer 
cydeii were needed eo give a detectable increase in fluo- 
rescence. Od dectronhoresis oo the |>roducts of these 
ampJifications showed that DNA fragments of the ex- 
peocd size were made in the mak DNA containiing 
reactions and that Utile DM A synt{ic$a$ took place in the 
control sam^es. 

In addition, the increase in. fluortsccncc vrsa visualized 
by ^ply laying the completed, unopened PCRs on a UV 
transilhiminator and photogmphing them through a red 
Alter. This ts shown in figure SB for the reactions thai 
b^^ with 2 ng male DNA and those with no DN A- 

Detection of specific aUdoi of tfic htmian ft-glohin 
gene. In order to demonstrate that this approach has 
adequate spedfldty to allow genedc screening, a d(!:sccuon 
of the ^klc-cdl anemia mutatioa was performed Figure 
4 shows the ftuorescencc from completed ainpMcaSo^ 
cozntainiog EtBr (0.S |A.£t/mI) a$ detect^ by photography 
of the reaction tubes on a UV transiliuminator. These 
reactions were performed uilng pninerK spedftc for ci* 
ther the wild-tvpe or sickk-cell mutadon of the human 
P^obin gene* - The spccifkity for each allele is imparted 
by placing the slc^mutadon site at the terminal 3' 
nudeocide of one primer. By using an appropdate primer 
annealii^ temperature^ primei' octetUMOsn-^nd thus am* 
pli(kat3pn^-can take place only if the 3' nucleotide of t^ 
primer is complementary to the $*^tobia aDdc prcscnt^^^. 

Eiaeh pair <if ampBficadons shown in Figure 4 consists of 
a FeactK>n with either the whJ-type allck spcdfic (left 
tube) or skklc-allele sped&c (right tube) pritners. Three 
dififerent DNAs were typed: DNA fnom a homozygous, 
wild-type ^giobin individual (AA); from a heterozygous 
sickle ^^Ipbin individual (AS); and from a homozygous 
sickle §-|^n mdividual (SS). Each DNA (50 ng gex^omk 
DNA to Stan esbsh PGR) was analyzed in ieriplicatic (3 pain 
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-f reactions each). The DKA type vas reflected in the 
^jsD^c: fluorescence intcnsiues in each pair of completed 
gcnpl'^ca^^^' Tliere was a significant increase in fluores* 
^noe Qnly ^dierc a ^-globin ^ele DNA matched die 
pfjtncr »ct. WhcD meastt.rcd oa a spcctroflnoronicicr 
not shown), this Buorcsccxxcc was about three times 
j^t present in a PGR where both p-globin aliclcs were 
^fjisitiatched ti> the pnmer set. Gel clect^pphOl^es)6 {noi 
^(towii) established that chu increase iti iltiote^cence was 
due to die synthesis of nearly a microgtam of a DNA 
fi,^cnt of the expected size for p^bin. There was 
(itdc synthesis of dsDNA in reactions in. which the aflele- 
jipcdf^c pHmer was mismatched to both alleles^ 

Gontinvows iiQMinitoiiKig of a PGR^ Using a fiber optk 
devH^rii i$ possible to direct exdtadon illuminauoti from 
;i spectrolluorometer to a PGR undergoing thcnnocyding 
and to return its fluorcsccnGe to the Kpectroflhionnwcter. 
liic fluorescence readout of such an arrangement^ di' 
xccted At an £tBr<ontaining ampliCicadon of Y^roxnO" 
SQflae spcd6c sequences from 25 ng of Imrtwp male DNA» 
li shown in Figure 5. The readout from a control PCR 
^\ no target DNA is also shown. Thirty cydes of FCR 
^erc monitored for each. 

lite fluorescence trace as a fimction of time dearly 
shows the effect of the thermocyding* Fluorescence intpn- 
^ty tises and .fiadb inyepdy with temperature* TH« fluo- 
feiccnce intensity is minimum at Che denaturadon tem- 
perature (d4*C) and maadinum *t the anneaUn^exten&ton 
tcmpcrau^ie (5(rC). In the negalive-conirol PCR^ these 
fluorescence maxima and minima do not change dgnifi- 
csintly over the thirty tbarraocyctes, indicntlng that there is 
Ihtle dsDNA 9ynthe$is without the appropriate tax^ct 
DNA, and there is litde if any WcachbJg of EtBr durmg 
(he continuous illuTninitian of the sample. 

Jn tibic PCR containing male DNA, the fluorescence 
maxima at the annealing^excension tcmpciaturc begin to 
increaxe at about 4000 seconds of thennocyding, and 
cm^tiotie to increase with time, itkdkating that dsDNA is 
being produced at a detectable leveL Note that die fluo- 
rescence minima at the denaturatiou tetttpcransre do not 
aigaiik»ndy increase pre^UmaMy because at thb temper- 
ature thexx: is no dsDNA for Etfir to bind. Thus the course 
of the ampUfication b followed by tracking the ftuorcs-. 
cenoe increase at the atuieaHn^ temperature. Analysis of 
ihc products of these two amplificadons by gel ctcctropho- 
roHs showed a DNA fragment of the dqpectcd nze for the 
Rutle DNA containing sampk and no detectable DNA 
synthesis for the control sample 

DISCUSSION 

Downstreaxn processes such as hybridiTation to a se« 
quence-Apedfic probe can enhance dxe specifidty of DNA 
dcceuivn by PGR. Tlic cHmii»tk»n o<" procc3»C3 
means that' the spcdfidty of this homogeneous assay 
depends solely on dial of FCR. In the case of «ickle-celi 
disease^ wc hi^ve shown that K?Ralot>c has salikient DNA 
sequence apcctfidty to permit jgencdc screening. Using 
appropriHte amplilRcation cotiditioas, there is Httle non-^ 
spcdBc producdon of dsDNA in the abecntct of the 
appropriate target ailde. 

rht spedftdty required Co detect pathogens can be 
more or less than that rct^uired to do genedc screening, 
depending on the number of pathogens in the $am{>le and 
the amount of other DNA dm must be taken with the 
sample. A difBcuk target is HIV, which requires detection 
of A viral genome that can be at the level of a few eoples 
per thoiucands of host ceils*, Compated vith genedc 
screening, which is performed on cdls jcontaining at least 
one copy of the target sequence^ HtV idetecdcun j:equires 
both more specifidty attd the input of more total 
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f i wm % UV photography of FCR tubes GEntaininC; ampUikatioiu 
using EtBr that art spcalk to wiWUtypc (A) or licwc CS> alld» of 
die mmiM p-gjbWn goic. The Idft ojf 

aBd«-$ped{]C ptiateitt to die wild-type alldes« dxc righi tube 
primers to the »cWe ^^ttele. The phM^pph was tatcn after SO 
cy«^ ef PGR, aad the input DNAs and the alkl«s ih^ conuta 
4re imliqifeJ. bg of DNA was used to hcpxk FOR. Typmj^ 
was done in triplicBtc (3 pair* of FCRs) for eadi input DNA. 
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HCtKS CmitittUOUS, real-time monitormg of a FCR. A fiber optk 
was wed to carry cjttitation Jight to a FUR tu progress and also 
emitted U^t badi to a fltJoromctcr (sec ExpentticnCal 
AinplificaUca'U«<]ig human malo-DNA spcanc pnmcrs in a PCR 
5tmng widi tO ng ^hvmaa nude DNA {too), or in a coatrol 
FCk mthout PNA (b<^m). were monhorcd. Thirty cydo of 
PCR were foHowcd for cadi» The temperature cycled bctwecxi 
94*C (denaturatiaa) and 50*C (a^iucaliog and cxtcnsjon). Note in 
the male DNA POt^ die <yae (dmc) deptflrfcet mocasc in 
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DN A-^p to niicrograin aniaun&-Ha order to have suf- 
ficient nvunbcrs ottar^t scqucnocs, Thi$ large amount of 
/;tarting DNA ht 2n atnpUnCatkm sictiifiic^TiUy macases 
the back^urtd fluorescence over wHidt any ^ddftional 
fluorescence produced by FCR n)u$t be detected. An 
additional complication that occurs whh targets m low 
copy-number is the formatton of the **prjitict-dimer" 
anifacu This is the result of the cstendoqi of one primer 
using the other primer as a tcinplate. Afthowgh this occurs 
infrequently^ Once it occairs the extension produa is a 
substrate for PGR ampliiication^ and can compete with 
true PGR tai}g^ets if those targets are rare, fhe prim&r- 
dimcr product i$ of course d$DNA and thus i* a potential 
source of false stgtial in this homo$^eou5 aa^y. 

To increase PGR spedfidcy and reduce the effect of 
primer^mcr «tnlpliiKatioa. we are investigatiog a num* 
ber of approaches, indudtng th€ use of ncsted^primer 
ampliReabonft that take place in a ^ngic tubc^, and the 
^lot-start'^ in which nonspecific acaptiikaHon ift reduced 
by raising the temperature of the reaction before DNA 
synthesis bcgins^^. Prdiminary resuks using these ap- 
pToaches $ug^«st thatT^rixncr-duujCT b effectively reduced 
and it b possible to ceiect the incriease in EtBt fluores- 
cence in a PGR instigated by a »ngle HIV genome In a 
background of 10* ceils. With larger nutabeis of ccWs, the 
background fluorescence contributed by genomic DNA 
becomes probleinatic. To. reduce this bacJcground, it m^y 
be possible to use sequence-spedflc DNA«binding dyes 
that can be made toprcfcrentially bind PGR product over 
genomic DNA by mcorporaiing the dye-binding DNA 
sequence into the PGR product dirough a 5' ^add-on" to . 
the oligonucleotide primer*'*. 

We have shown that the detection of Buore:$ccnce 
generated by an £tEr-containing PGR is stradghtfon«ard, 
both once PGR is completed and continuously during 
ihermocyding. The ease with whtdl automation of spe- 
ciflc DNA detection can be accomplished is the most 
ptotni$ing aspect of this assay. Tlie Huorescence analysts 
of completed PGR* is alreadytiossibic with cxistitig instru- 
mentation in 9d-we]l forniar^. In this fonnat^ the fluores- 
ccncc in each PGR can be ^uantitated before, after, and 
even at selected points durmg therroocyciitig by moving 
the rack of PGRs to a 9€i-microwcJI plate fluorescence 
rcadcT^^ 

The instrumentation necessary to continuously tnonhor 
multiple PGRs simultwicously is also simple in prindple. 
A direct cTctcnston of the apparatus used here is to have 
multiple flberopdcs transmit the citation light and flu- 
orescent emissions to and from muUipte PGRs. Tl\e ability 
to monitor multiple PGRs continuously may allow quan- 
tiution of target DNA copy number, figure 5 shows that 
the lai^er the amrmnt of starting target DNAj the sooner 
diiHn(^ Pf.R a fluorRScencG incrra^w: is detected. Prdinu- 
nary ex:periment» <Higudii and DoUinger, manuscripc in 
preparation) ^ith cbminuous monitorhig have $hown a 
»cnsiUvity to two-fold diiFcrcnoca in inhial target DNA 
concentradon. 

GonversclVf if the number of target molecules is 
l^nown — as It can be in genetic screening— :Continuous 
mottitoring may provide a means of detecting falisc posi- 
tive and false negative rcsujt^^. With a known numb^ of 
tarigct molectiks. a true poddve would exhU>it detectaUe 
fluorescetice by a predictable nunobcr of cydcs of PGR. 
Increases in fluorescence detected before or after that 
cycle would indicate potential artifacts* False negative 
resuks due to* for example,, inhibtdon of DNA polymer- 
ase^ may be detected by induding vdthin cadi PGR an 
ineflidendy ampRfyiiig marker. This marker results in a 
fiuoreficenoe increase only after a large ntttuber of cy- 
cles— many more' than are ncjExrssary U> decea a true 
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positive- If a saropk fails td have a fluorescence increaie 
after this many cycles, ioha?itton may be suspected. Since, 
m this assay, conclusions are drawn based on the presence 
or abseooe of fluorejwnoe si^al alone, such controls rnay 
be importaoL In any event, before any test b<f$cd on this 
principle is ready for the clinic^ an assessment of tt^ false 
posidve/false negative rates wfll need to be obtained using 
a large number of known sanafrfes- 

In summar>% thie inclusion hi PGR of dyes whose fluo- 
rescence is enhanced upon binding dsDNA makes it 
possible to fSoxcci spccihc DNA amplificatton from oucside 
the PGR tube. In the future, instruments based upon this 
principle may fadliute the more widespread use of PGR 
in apj^ications diat demand the high throughput of 
sampfeS' 

EXPERIMENTAL PROTOGOL 

H«inuai HLA-DOn ^gtskt ^ImpHBcadona cootainia^ CtQr. 
PCRa were set wp iiilOO pX volbmes containing 1 0 mM Ttis^HCI, 
pH 8.S; 50 mM KCh 4 mM MgOc: vnits of taa DNA 
polymerase (P^kin«»Elmcr Ccraa. Nonralk* CT>; 20 piriolc each 
of bumzn HXA-0Q<^ ' gene specific oligonuclcodde primers 
and CHS?** and appronmately 10* copies of DQot PCK 
ptodvct dihitcd firom a prtvlOttS ffciion, C^idium bromiae 
(tibr; SigttvO was used At (he oonoeatrationE ,indicatedl io Fignm 
2. Thermocyding proceeded for 20 cycles in a model 46€ 
thcrmocyder (Perkjivdmcr Ccm^ Nonrelk^ CI) uan| a "«tcp- 
oydxT progrsun of 94*C for 1 sa]n..deaatunttion and 6(rG for 10 
sec annea&g and 72^ for 30 sec. exiensiox). 

y^romosamc specific PGR. PGRs (100 \il total reaci2<m 
volume) containing Oi* itjfi/isl J5tBr were pfx::pared as descriM 
for NlA«DQo(r except wiox diflcrcnl primers and target DNAs. 
These PGRs contt^dcd I ^ pmolc each male DN A-speciijc prtoi<>-Y9 
YI.I and Vl^**, and cither 60 ng male. €0 og fenvale, i 
or no human DNA. Thermocyding *wis 94*CT<>r 1 min. and SOX: 
for 1 oiin using a "rtcp^yde* pKOmm, The nwnber ofcycfes for 
a sample were as indicated in P^ure 3. Ruoresccnce measure^ 
ment 1* described below. 

Allele-apcGificv buman ^-gtoUm ^icott PGR. Amplificaiions of 
100 fU voJurne vstnff 0 5 jtg/m! of were prc|>arcd a« 
described fior HLA-DQa above except with different primers and 
target DNA&. These PCRs cotit^uned eiU^r. pdmcr pair H0P$/ 
K^14A <w{UHype gloWn spedac primers) or MOP2/iipl4S (sick- 
ic-fflobin specific primers) at 10 pmole <j»Ch piirocr per PGR, 
Utese jpthncrs were developed by Wu ct aL^^ Three different 
tatgei wNAs iwere used tn separate amptificatbnft— 50 ng caeb of 
human DNA tbat was homozy^gpus for the xscVlc trait ($S)« DNA 
that was hetcrazTKo«5 for the itckle irak (A$)» or DNA that 
bomO^gOUS for the W.t. eJobin (AA). ThcrmocycBng wJis for 50 
cycles at 94t: for 1 min. and tor 1 min. itfiiii| 0 "srtcp-cyife'' 
pix>gram. An anneaBtkg teTOpcraturc of 55*C badhccn shown vy 
Wo ei aL*^ to provide alldc-spcdfic amplitoUon. Completed 
PCRs were phcrtograrficd thtongh a red filter Wfatien_23A) 
after pSadng the reacbon twbes J^iOp a nKxIel TM*S6 tranflmumi- 
natof <ljV-products Sah- Gobrid, CA). 

FhM Mese e iK e Mieaamgnietet. Fiworesoe^cc racasurcraenw were 
ixiad^ on PCRs containing; EtBr in a nuorolog-2 flttoromctcr 
^PEJC Edison, NJ). txatartion was at the 500 nm band with 
Hbatiz 2 nra bcmdwidth with a OG nm eut-ofif.fiUerjMeJlcs 
Grist. Inc.* Irvine. CA) to exclude scoond-otder light Eojnted 
yght was detected a« 570 nm with a bacldvqdd) of about 7 l>m. An 
OO 530 urn cut-off BJtcr was used to rcnwve the cxdtadoo h^l 
ContltHwm ftnoreuxnce mooiioiring of PGR. ConpnuO^JS 
nK>nitonng oiP a PGR in progress was acojmplisbed using tnC 
Bpcctroftuorometer and setdnga dcscribod above as well as a 
fibciupdc Mcessory (SFEX cat no. 1950)10 both send cxatauon 
fight to, and tccdve enittcd Ught from, a PGR pbccd m a well <fl 
a model 400 ihenwcydcr (F^rkhi-Eliner Celu-s). The probe 
of the Rberoptic cable was attached witli "5 mto utc<poxy' to w 
open top of a PGR tube (a 0.5 ml polvpropytoie centrift«c tube 
vndi its cap removed) ^sffeciwcly ncaliog a. The cj<po$cd top ot 
(he PGR ttibc aniJ the end of the toeroptic caWc were siijcldcd 
from room light and the rOOttJ lights were kept dunmcd durmg 
each run- The rnonatorcd PCft was sua amp1imc&u<jn of r-aJ»o- 
mospmc-fipedfic repeat scquetJCei as described above, cxccF 
uaing.an annealing/extension teninerauirc of 50°C. The reaction 
was covered widt mij^e^ ofl (2 drops) to prcvcTtt evapors^on 
Ihemiocycfing-and fluorescence rocasuccmcnt veve started u- 
multancouslr* A tune-basc-scan with h lO sdcDnd mtegraiiOiJi taac 
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^% UFdd and ihe ^mtesiotl signal was ratiocd to tbr cxcitatioD 
fligtwl to control Ibc Chsinj5^» in Ji^Mourcc i&tcmnty. D^iU wcre 
cS'cct^d iMing the dra30<)0f, vewion 15 (S?EX) data system. 

Wc ihAni Bob Jooca for help with the sjpMectroiiuormetrtc 
in<tiMUrei»eitt& MdHcalherhdl Fon^p for editing this manuxript 
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fMMUNO BIOLOGICAL LABORATORIES 



SCD-14ELISA 

Trauma, Siock and Sepsis 




The CD-14 moiecule is" expressed on the surface of 
monocytes and some macrophages. Membrane- 
bqund CO -14 is a receptor for iipopolysacchartde 
(LPS) complexed to LPS-Binding-Protein (LBP). The 
conceniraUon of its soluble form is aRered under 
certain pathological conditions. TiTere is evidence for 
an Important role of sCD-14.vvith pofytrauma. sepsis, 
burnings and inflamrpatons. 
During septic conditions and acute infections li seenis 
to be a prpgnost^c niarKer and is therefore of \fakjie m 
monitoring these patients. 



I6L offers an EUSA for quantitath^e determination of 

soluble CD-14 in human serum, -plasma, cell-cutlure 

supa-natants and other biological fluids. 

Airaay features: 12x8 determinations 
(microSter strips), 
precoated wfih a specific 
monoctonsd antibody. 
2x1 tiour incubation, 
standard range: 3-96 ng/ml 
detection limit: 1 ngM 
CV: Intra- and tnterassay < 8% 



for more irrfonnation caM or fax. 
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We bAve enhanced the polymerase chain 
texAon (PGR) such that specific DNA 
$equencc^ can be detected without opeti- 
ing the reaction tuhe. This enhaiftccnftettt 
requires die addition of ethidium bjnomide 
(EtBr) to a FCR- Since fluorescence of 
EtBr mcreases in tibe presence of double* 
stranded (ds) DNA an incirease in fiuot^S' 
cence in such a PGR indicates a positive 
amplificodonj; wbicli can be eSUsily moni* 
tored externally. In Caict, amplification can 
be continuously msc^nitoted in order to 
follow Its progress. The ability to simutta- 
neously ampl^ specific DNA sequences 
and detect the product of the amplification 
both simplifi^ and improves PGR and 
may facilitate its auton&ation and more 
widespread use in the clinic or in other 
situations requiriitig high sample through- 
put 



A. 



lihough the poteinial Ijjcncfiw of TCR* to cUu- 
tcil 4&g;no«ac& arc wett kiiowin*'*, it i$ siill not 
widely used it* this setdngt even tliough U is 

f<n»t- year* fiitico thcnTVTi^aW^ PNA P*^V"^" 

mfldc PCR pracdKSiL Some of the reasons for it& slow 
RGcepianoe are mgh owt, tack of autamatkm of pre-^ and 
po$t*PCR processing &teps^ and fake positiye results, from 
catryovCT-cOntamination, The Em two points arc rdated 
in tKat Ubor is the largest contributor to c05t alt the present 
stage of PGR development. Most Current assays require 
801WC forra of "downstrcain" processing once thermocy^ 
ding is done in order io determine whether the target 
DNA sequence was- present and ha$ ampMcd, These 
bdude DNA hybridisation*'*, gel electrophowis with or 
without use of res^TMition digestion^;*, H?LC?, or capiilaxy 
cleccrophorcsls'*^- These methods arc labor-intense, have 
low ihroughpuc and are diSkuk to automate. The third 
point is abo closcty related to downstream processing. 
The handling of the PGR product in these downstream 
processes uureascs the cbackces that amplified DNA .yrill 
spread through the tjfpng' hh, resultuig lo a .risk of 



cartyow'£&ilsepositii^m5«b5<!qiienttes^ ^ 
These downstream processing steps womW be clinH- 
nated if spedfic amplification and detection of amplified 
DNA took rface simuItatMonsly wttWn an unopcticd re- 
action vessel i^ys m whkh sudt dilFerent pnxxsses take 
pixK without, the »c«d to separate rcacuon components 
lavc beet> teirmed 'Ihcwaoigencous''- No tt«ly homogc-. 
tieous PCR assay has been d^onsttated to date, akhough 
ptogr^ towards this end has been rcfwrted Ch^b, et 
aL« developed a PGR product detection scheme usu^ 
fluorescem prhners that resuited In a fiviorcscent PGR 
product Ailclc-aipecific primcrSf each vith di£E?rcnt fii«H 
reM^nt tags* were used to IndiiBatc the genotype of the 
DNA. Hotrever, the tminrorporaced primers tnust suU be 
ranoved in a down$trcam process m order to visu^jx: the 
nisult RcocnUy. HoBilrf, ct al*^ developed a» assay in 
iwhSdi the endogenous 6' ^x^oudease assay of 7<if DNA 
potytnerase was exploited to ckave a bbdtedjrfjgonuc^- 
Ude probe. The probe would only dcave If FCR amplin- 
catSoo had produced Its coroptaMentery sequcncse. to 
Older lo detect tiic dcav^ge produtts, however, a subsc- 
qinent proces;; is again tieeded. 

We have developed a ttuly homogeneous assay for FCR 
and PGR product dctecdon based up-on the gready la- 
creased fluoresccnix that ethidmro broinSde and other 
DNA binding dyes eadubU whi»> diey ate bound .tojs- 
DNA^^"« As oudined in Plgure Iv a prototypic PGR 
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mVR1 1 Mndplc of simultancoua ampIificBdon and ckteaiOA Of 
PCRproducL lliccompOaent^cfa!vR<»m»nni«; EiSrthatan; 
auoresoemarelisted-^tBr jttselt; £tBr bound t<^ either ssDN A fn^ 
dsDNA. Tbere vt a large SiMrcscenoc cnhanrrgicrtt when EtBr is 
bound to DNA and hmdink is grc&dy enhanced i^cn DNA .iS 
dcndsle-stTKndcd, After suwdcnt <n)..cydcs of PGR. the net 
Increaae m dsX^UX residts in addidonal JEtBc blbd]xig« and » net 
inerciise in total Huoresoenai. 
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product 



IWWSaGddcarophoresis of PCRa^mplification prodvfcua of the 
humao, rnidear gene, HLA DQtt, made in the presence of 
tncrcssiiig amouiits of £tBr (up tp 8 pLg^ml). The presence of 
&tBr Ens tao obvknn efien on Ufc )4eld or spcdild^ of attt»>><>' 



CRUoa. 



A. 




B. 



25 29 ^ 




nflW t <A) lt(Kif<sce&ce mcBsurcinenu from PCKs that coutaia 
D.5 iK^m! EtBr and that are spcdSc for Y-<]irocn«$oaK: rrocat 
deouetioet. Five rcj^catc 7CR5/>ver« begun csQpt^tblng^lch Oi the 
DNAs sped^. At each hidkaixca cyde, <toc of the five replicate 
TQks for e:ich DNA was removed from thcrmocycixng and 
fluorescence measured. Units of fluoreaccnce Are aTt»ifi2ry. (fi) 
UV photography of PCRtub^s (0,5 ml Eppendoif ^icylc:, poiy{»o- 
pykive mtcro^entrifuRC :tubes} cbnUkming reactions^ those st»xu 
tng iiom t ng male DNA and control rcacdona without any DHA, 
from (A). 
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begins with primers that are .ungle-scrandcd DNA (ss- 
DNA), dNTPs, ajod DNA polymerase! An amount of 
diiDNA containing the target sequence (target DHA) h 
also typically present. Thi$ astiovat can vary, depenc^g 
on the apphcatioo, from single-cell amounts of DNA^^ to 
microhms per ?CR^®, If EtBr b present, the reai^entfi 
that wiU fluoresce, in order of incrcasiti^ Huorcsccnoe, are 
free EtBr xt^i and EtBr bouiid to the singk-sUaKdcd 
DNA ptimett and to the doublc^tratided target DNA (hf 
its intercalalLion between the staeked b39C9 of the DNA 
doubk>hdiK)« After the first denattJt&lian cyde, Uigct 
DNA will be largely $in^<9tranded. After a PGR is 
completed* the most significant crhaixge as the inarcase in 
the atnount of dsDNA (the PGR product itself) of up to 
sev<^l tnicrogr^ms. Formerly free EtBr is bound to the 
additional dsDNA* resulting in an increase in fluqres- 
ccnoc. There is also soiue decrease in the amount of 
ssDNA primer, but becsu^ the binding of EtBr to s^DNA 
is tnuch less than to tlsDNA, the eff^ of this chAOge on 
the tola! nuore$ccncc of the sample is smalL The flwrcs- 
cencje increase can be measured by directing cxcitatKNi 
ilkimiitatjon chn^gh the waUs of the amplifii^iioi^ vessel 
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beibrc and after, or even a>niiauously during, tihermocy. 
cyng. 

RESULTS 

PCR in &e presence of EtBr. order to' asseiis the 
alFcct of EtBr in PGR, ampMcationfi of ihe huinan Hl^ 
DQfx gtne*' vrerc pcribnned with the dye present at 
concentrations from 0,06 to 8.0 jig^ml (a iypiai concen. 
tration of EtBr lu^d in staining of nuciek actds fotl6^ving 
get elcarophoresis Is 0.5 \Lgtm^r As shown in Figure 2, gc3 
eteetro^hoTcsis revealed litde or no diScrencc in the yield 
or quality of tbe ampiilkadon product vheth^^r EtBr was 
alMsent or present at any of diese concentrations^ indicat-* 
ing that EtBr does not mhibit P(^. 

DeteetioR of faqoiim Y-dttonkownMi spedlic 
^nenc^s^ Sequence^pedfic^ fluorescence enbaooement of 
EtBr as a result of PGR was demonstr^iidd in a scries of 
amplifications containing 0.5 v^sfml EtBr and ptimers 
fipedftc to repeat DNA sequctKcs found on the human 
V-chromo^omc*^. These PGRs initially contained cither 
60 ng male. 60 ng female. 2 ng rosdk human or no DNA. 
Five replicate PCRs were begun for each DNA. After 0, 
1 7, 2 1 , 24 and 29 cycles of thermocyding, a PGR cadi 
DNA was removed from the thermocyden and its. fluo- 
rescence measured in a spectrofinorometer and pjoued 
V5, ampli5catton cyde number (F«g. 3 A), The shape of tlis 
curve rcSeOs the £aut that by the time an increase in 
fluorescence can be detected^ the increase in DNA 
becoming linear and not exponential with cyde number. 
As showtt^ the fliiorT:$cenc)c incresised about three-foki 
over the l^ckground fluorescence for the ex>nfain- 
ii]ig himian male DNA, but did not significantly increase 
for negative control PCRa, which contained either no 
DNA or huiiian female DNA. The more male DNA 
present to b<^gin with— 60 ng versus 2 ng-^the fewer 
cydei: were needed to give a detectable increase in fluo- 
rescence. Od clectrtmnorest$ oo the products of these 
ampMcattons showea that DNA fragments of the ex- 
pe^cd skc were made in the male DNA containing 
reactions and that Ikile DN A syntbe^ss took, place in the 
control samples, 

in addition, ihe increase in Buortscence was visualized 
by snmply laying the c<»npleted, unopened PCJRs on a UV 
tran^ilhuninator and photogniphing them through a red 
filter. This te shown fft figure 3B lor the reactions thai 
ipc^ with 2 ng male DNA and those with no DNA- 

Deteedon of specific alkk^ of the htmxan 0-glohin 
gene. In order to demonstrate that this approach has 
adequate spedfidcy to aDow genetic screening* a decoction 
of tli<f jodklc^xdi anemia mucatxon was performed' Fi]^e 
4 shows the Rworesccncc from c^pktcd ainplificatio^)> 

GontAUoiag EtBr (0.S ikQM) ais dcUeuid by photography 

of the reaction tubes on a UV transillomlnator. These 
reactions were performed u£ng primers spedfic for ci- 
ther the. wikJ-npc or sickle-cell mutation of the human 
^obin g^ie*^ The spccifidty for each aBctc is unpartcd 
by placmg the sickie-mutation site at the terminal 3' 
nudeoddc of one primer. By using an appropijate primer 
annealing temperature^ primer octcn$jO!n--and thus am- 
pU6cation--can take place only if the 5' nudeotide of t^ 
primer is cornplemqatary to the p^gWbin alldc prc^cnt^**^. 

Eadipair 6f ampBficaiions shown in Figure 4 consists of 
a reaction with either the wildnypc aJld<: spedfic flcft 
tube) or sickle-aUele spedfic (right tube) primers. Three 
different DNA2 were typed: DNA fuDtn a homozygous, 
wHd-typc p-giobin individual (AA); from a heterozygous 
sickle ^Mgh^bin individual (AS); and from a homozygous 
sickle ^gtobio indriidual (S8). Each DNA (50 ng genomic 
DNA to started PGR) was nn%«cd in triplicate (3 pam 
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reactions each)* The DNA type vai reflected in the 
^jaov«t fiuotescetice ifltcnsidie* in eadi (>atrcf compl^d 
^(pplbGoitioiifi. There was a significant increase in fluores* 
only where a ^-globin allele DNA matdied the 
priiBcr «ct. When measured ou a spcctrofltion^mctcr 
Mat!i not shown), this 6uorcsccn.cc was about three times 
j^t present in a FCR where both ^globin aUcjcs were 
flibmatcbcd to the primer set. Gel cicctrQphoqfee}^ (iwt 
^viA) established that this increase in fitiorescenoe v^s 
<jtie to the synthesis of nearly a mkmgratn of a DNA 
fragtncnt of the expected size for p-^lobin. There was 
Ittdc syiuHesix of dsDNA in reacdons in . which the aflele- 
jtfiQcific primer was mismatched to both alieks. 

Gontlmiovi? inonitonKig «f a FCR. Using a fiber optic 
devkerii is possible to direct exdtation illutniitaiioti from 

smectrofluorometer to a PGR undeigoing thcrmccyding 
and us rettirn its fluorescence to the Kpectroftmowmcter. 
Ilic (liiorcsoence readout of such an arrangement, di' 
^ctcd At an £tBr*concaining ampiificadon of Y^roino- 
ijoinc specific seqwciKcs frKwn 25 ng of liu'map male DNA» 
is shown in Figure 5. The readout from a control ^CR 
tirhh no target DNA is also shown. Hiirty cycles of FCR 
vrerc monitored for each. 

The fluorescence trace ax a function of time dearly 
shows the efiect of the thermocyding, Fluorescenoe inten- 
tly rises and . &db inYCrady with temperature The fluo- 
tvsecnce intensity is minimum at the denaturatlon tem^ 
pemtuire (94*C) and maadniuni at the annealin^^clen&ion 
tcmpcratuTx: (SOX). In the negative-control FCR, these 
6uorcscencc maxima and minima do not change ^gnifi- 
csinrfy over the thirty tbciroOcyckfi, indicating that there is 
IKtle dsDNA iiynthesis without the appropriate target 
DNA, and there is litde if any Wcachira of EtBr durmg 
the continuous ilhimination of the sam|3e. 

In the PGR cotitaintng male DNA, the fluorescence 
maxima at the annealingfesasnsion tcmpcniturc begin to 
increase at about 4000 secondr of thennocyding, and 
oontifluc to increase with time, indicating that dsDNA is 
being produced at a detectable leveL Note that die fluo- 
lesccnce minima at the deDatvratiou temperature do not 
fli^canlly incrwe, presumably because al this temper- 
ature then: is no dsDNA for EtBr to bind- Tlius the course 
of the amplification b followed by tracking the fluores-. 
ccRce increase at the aonealin^ temperature. Analysis of 
the products of t]he$e two ampliBcadons by gel eketropho- 
repis sbow«d st DNA Augment of the cicpectcd size for the 
male DNA eontaming sample and tM> detectalde DNA 
syntheds for the control sampte. 

DISCUSSION 

Downstream processes sudi as hybridir-ation lo a se* 
SucQce<&pedfic pix^be can enhance die specifidcy of DMA 
deceulvn by PGR. The cHznioomia <^ d»c«c processes 
means that the spccifidiy of this homogeneous assay 
depends solely on thai of fCR. In the case of «tckle<]eli 
dlicase, we have shown that FCR alone has sufficient DNA 
Acquence apedficiLy to permit jencdc screenizig. Using 
^ppropTiiite amplification conditions, there is little non- 
spcdBc productK>n of dsDNA in the absence of the 
appropriate target aikle. 

The spedfidty required to deujct pathogens can be 
more or less than d>at rci^uired' to do genedc scrcexiuig, 
depending on the number of pathogens in the sam{>te and 
the amount of other DNA chat must be taken with the 
sample. A difiicuk target is HIV, which rcfjuircs detection 
of A viral genome that can be at the level of a few coj^ 
per thoiL<:andA of host ccUs*, Compared vkh genedc 
screening, whidi is performed o« cdia jcontainmg at least 
one copy of die target icqucnce* HIV !dctecdQn orequircs 
both more spetafidty »i>d the input of more total 
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^ UV photography of PCR tubes contatning tum^Uficauons 
vding EtBr th9t are spGoftc to wild-type (A) or sioue ^> alldes of 
die hiniwn ^-globin gene. The Idft of esidi 
aUdt-spedfic primers to die wild-type audes, the righi tube 
primers to the sicWe attcle- The phmomaph was talcn after SO 
cydcs of PCRj ami the nxput DNAs and- the alieies ihcv coatdm 
ara hidicat^. ¥i£ty iig of DNA was used lo hcpn FGR Typing 
was done in triplimfic (3 pmtt of FCU'd for cadi input DNA. 
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nfimtfi Contitraous, nzal^e monitoiing of a FCR. Afil?cr oprk 
was wed to car™ cxdutjon Jight to a FtiR in progrKS and ain? 
emitted U^t badt to a Booromctcr (sec E?^pentticntal ^oo^. 
AmpHficadon U^ung'^iin^an m^do-DNA specific pninm in a PCR 
5t»Bng widi «0 ng Of human nidc l>rtt <lopXw 
PCR wthout PNA (bottom), were monhored. Thuty cyd» of 
PCR wCrt followed for each, Tlvc' tcnipcraturc Cycled between 
94*C (denaturatiGSi) and 50^ (a^incaliog and CJ^tcnsJOiO. Noir in 
the mde DNA VC^.tht cyde (dmc) depitflidcot jftGrasc in 
fluorescence at ttu£ awieaBngrcxtCDswm lempetature. 
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DNA~-up to microgram amoun&^a order to have suf- 
ficient numbors of taiigct sequences. This Iarg« amount of 
Ataxling DNA hi an ampU^CatSon signi&cuxitly wicrcases 
the bacKgtourtd Ruomcence oyct whicb my addmonal 
fluorescence produisd by PGR mu$t be ilctccted. An 
additional compHcation that oocun vfixh target$ in hw 
copy-number is the formation of the **p"«»c*"-^i«i^ 
anifacu This is ihc rcsvk of the cxiensioti of one primer 
u»ng the other pnmet 95 a tcxopS^ce. Although this occurs 
infrequently^ Once it occurs the extension produa is a 
substrate for FOR amplificationf and can compete whh 
true PGR taif ets if those targets are larc, f lie prim&r- 
dimcr produa i$ of course d$DNA and thus is a potential 
source of false sign^ in this bomoffeneoux a«$&y. 

To increase PGR spedfidty ana reduce the eHect of 
phmer-dimcr anlplifkaticm, we are investigatisg a num* 
ber of approaches, indudimg the use of ncstod^primer 
ampliltcanonft thdt take place in a ^ngic tubc^, and the 
^liot-start*") in wiiich nonspecific ampUfkaHon i*^ reduced 
by raising the temperature of the reaction before DNA 
synthesis bcgins^^. Prdiminary resuks using these ap- 
proaches sugi^cst that priincr-4in!}xn' b cffcctlvdy reduced 
and it is possible to delect the ittcnease in EtBt Auores- 
ccncc in a PGR instiga&ed by a single HIV genome b a 
b^.kgrOund of cdts. With target numbet^ of ccHs, the 
background Rvprcsccnce contrioated by genomic DNA 
becomes piobtematic. To, reduce tlus badcgrouod, it mny 
be possible to use sequence-^pedfic DNA-binding dy«« 
that can be made to^nrcfcnentiaUy Ixnd PGR prodxici over 
gcnoxnlEC DNA by mc<Kporating the dye-binding DNA 
sequence into the FOR product thrmigh a 5' ^add-on** to . 
the oligonucleotide primer*''. 

We have shown that the detection of flaoresccttce 
generated by an EtBr-containing^ PGR is straightforward, 
both once PGR is cotnplctcd aod continuously during 
thermocyding. The ease with whtdt automation of spe« 
dfic DNA detection can be accomplished is the most 
promising aspect of this assay. Tlie Huorescence analysts 
of completed PGR* is alrcadyjjossibic with cxistiij^g instm- 
mentauon in 96-well format^. In tliis format^ the Buores- 
ccncc in each PGR can be ^uantitated before, after, and 
even at selected points durmg thcrraocyciiTig by moving 
the rack of PGRs to a 96-n^icrowcJl plate fluorescence 
reader^**. 

The instrumentation necessary to continuously monhor 
multiple PCI^ simultaneously is also simple in principle. 
A direct extension of the apparatus used here is to have 
multiple fiberopdcs transmit the c;(dtatiQn light and 6u- 
orescent emissioos to and from multiple PGRs. Tlie ability 
to monitor multiple PGRs continuously may allow quan- 
titation of target DNA copy number. Figure S shows diat 
the larger the amount of starting target DNAj the sooner 
diiriti0 PGR :i fluofRscencc increase is detected. PrcHnii- 
nary escpcrimcnts <Higiichi and DoHinger, manuscript in 
preparation) with continuous monitoring have shown a 
scnsittvicy to two^^fold diffcrcnocs in initial target DNA 
concentradon. 

Gonversd^t if the number of target molecules is 
l;nQwn — as It can be in genetic screening— rcontinuous 
monitoring may provide a means pf detecting fabc posi- 
tive and false negative result*. With a known numb^ of 
target molectiks, a true posidve would exhibit detectable 
fluorescetioe by a predictable number of cydcs of PCR^ 
Increases in Huorescence detected before or after that 
cyde would indicate potential artifacts* False negative 
resuks due to, for example.. inhibidon of DNA polymer- 
ase, may be detected by induding within each PGR an 
inefliciendy aropnfyiiig marker. This marker results tn a 
Auomcenoe increase only after a Jaigc number of cy- 
defr—many more than arc ncpessary to detieci a true 



positive. If a sample fails to have a Huorescence increaje 
alter this many cycles, iohibitton may be suspected. Since, 
in this assay, condusions are drawn based on Ae presence 
or ab^ebcc of flluorcscci»ce signal alone, such controls rnay 
be important. In any event before any test based on this 
prindple is ready for the clinic, an assessment of it* faUe 
posidve/false negadve rates wOl need to be obtained using 
a large mimbcr of known samples. 

In summary, th^ induston in PGR of dyes whose fluo- 
rescence is enhanced upon binding dsDNA makes it 
possible to detca spcdfic DNA ampUficatton from ouisldtt 
the PGR tube. In the future, instruments based upon this 
prindple may facilitate the more widespread use of PGR 
in applicadons that dcmaxid the h%h diroughput of 
sample^' 

EXPKRSUnENTAL PROTOCOL 

Haman HLA-DQn geute MpHfkadctts cnataiiuag EtBr. 
PGRs were set up in 1 00 (4 volumes containing 1 0 mM Tris->Ja» 
pH 8.3; 50 mM KCl; 4 mM MgOj: tJi unit* of taa DNA 
polymerase (Berkii%»E}mcr Ccms. Norvrdk, CT); 20 pniolc cacti 
of buman HtA-DQa ' gene soodfic digonucleocioe pHmcrs 
(mtb and CUil^ and appxosannMlx 10^ copies of DQoi FCll 
product diluted ftt>m a previous reaction- EthkMuni bromide 
xEibr; Sigttu^ was used ^( th« OTnGeatrationE indicated io Figure 
2. Thermocyding proceeded for 20 cvdes in a model 4^ 
(hcTHMKycter (l^erkm-Efnier Ccw, Norwalk, CI) lasii^ ~st^ 
cycle" program of 94X for 1 msL-denatuTatiPii and 6(rG for >0 
sec dxinca&^g and 72^C for 30 sec. e&ienston. 

Y-dnoniDsiimG specific PGRU PCRs ()00 pi total nraoion 
volume) containing 1)4^ pfi/ml EtBr wctc prcpmd as descnbcd 
Got lflA«DQC(, except wiui difi'crcnt prisnci^ and target DNAs. 
These PCRs cont^ificd I d pmolc cadi male DNA«spcctfie prtme^) 
YI. I and Vi^'^, and dthcr 60 ng male. 60 ng female, 2 mak. 
or no human DNA. Thermocyding tMisM^Tor 1 min. and 60X1 
ftw 1 oiin uang a **ften<yde* pto^traffi. The munber ofcycks for 
a sample yttn as indicaied ia ngin^ 3. Fluorescence measure- 
jn&xt IS dfiscribed bdow. 

Allck-spccificv human ^-globin ^sn^ PGR. AmpUfiGauons of 
100 v^^ume using 05 Pfi/ml of ^tBr were pr^red a« 
described (or HLA-OQoi above excq^t with different primers 2nd 
target DNAfi. These PCfo cotiiained either, pnmcr pair HGPi/ 
Hp 14 A <wiW-type globiti ^pedac pnmcrs) or MOP2/iipl'tS <sk3c- 
!c-riobin specific primers) at 10 pmole «Sich primer per PCR, 
Tlvese ptteeis wjr« developed by Wu ct aL^^ Three dilfcrent 
iacgei DNAik tvere tuwd in separate ampUficationa-^ ng e^di of 
human MA that was homozyj^s for rh« sieVlc Cmit <SS)* DNA 
that was heterDzyrous for the stdde uratt <A$)» or DNA that 
hom<W5ygO« fot Ae w.l. gloWn (AA). Thcrmocycfing WfW for 30 
cycles at 94^ tor 1 min. awl S5*C (or 1 min. it«ng 9 "stejp^Ttfe'' 
pzx>gram. An annealing temperature of 55^ b^Unccn shown vy 
Wo ei al.** to provide dldc-spodfic atyiplif^tion. Complctrd 
PCRs verc phmographcd duough a red filter iWrati€jr23A) 
after placing the reacuon labes aiop a model TM'Se tnmaiHumi- 
nator (UV-products Sah Gabrid, CA>. 

Fhioteseence measurement. FUn>resoetKe mcasurcraems wet* 
made on PCRs contaaidng EtBr in a Fluorolog»2 Eoorometer 
fSPEJC Edison. NJ). Excitation was at the 500 nra band with 
about 2 nm bandvfiddi with a GO 435 ntn cut^.fiher JMjl^ 
Grist. Inc.* Irrinc. CA) to eadudc scosnd-order light. Einrtted 
y ght was detected at 5^0 nm with a bandwidib of about 7 nm. An 
OG 630 pm cut-off lifter was used to remove ihc cxdtadon hgnt 

ContitHiouA ft&or«scence monitoring of PGIt Cotmnu^ 
monitonng of a PCR in progress was accomi^isbed iMUj^ oiC 
spectrofiuarometcr and setdnga dcscrtbod above as wdl as a 
fiberoptic accessory (SPJ&X cat no. 1950) 10 both send excitation 
fight to. and tecdve emitted Ughc from, a PGR jrfaccd m a wcB of 
a modd «0 ihermocydcr (Pcrkm-Elmcr Cdus). The probe end 
of the fiberoptic cable was attached with "5 n\tn ut<:-cpox> ' to t^ 
open top of a PGR oibc (a 0^ ml polyv«>Py5cmi ccntritec t\Jbe 
wdi lis cap removed) effecdvcly scabng £ The exposed top ot 
Uic PCR tu!>e and the end of the 6beroptl€ caWc were siJicWed 
fvoui room light and the room lighU were kept dimmed dutmg 
•each run. The monitored PGR was an omj^carion of y-cbTO- 
mosonuxpcdfk repeat scqoeiKes as dcscnbcd above, except 
usSrig an anncabng/exiension leroperauire of 50°C. T?iercaCtJCra 
was dctwtrzd widi mix^ <mI (2 drops) to pr<r^t evaporatton- 
Thcnnocyding^and fluoretocncc measurement verc started si- 
multaneously. A tune-base seati with a IQ seknnd iiitegr*a>tf o^nc 
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ffiM ured and (he embsaoa Stgnal was latiocd to' tbc cxcitatkm 
;^t^ to cicmirot Ibr ch9t)g]es m Ji^t-swircc mtcnfdty. O^ta.wcre 
'fleeted luing the dna^OOOf, version 2,5 (SPEX) data system. 
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IMMUNO BIOLOGICAL LABOf^ATORlES 



SCD-14EUSA 

Trauma, Shock and Sepsis 




The CD-14 molecule is expressed on the surface of 
monocytes and some macrophages. Membrane- 
bound CO-14 is a receptor for lipopotysacchajlde 
(LPS) complexed to LPS-Binding-Pratein (IBP). The 
concentration of \ts soluble fomi is aRered under 
certain palhologtoal conditions. There. Is evidence for 
an Important rote of sCD-14.with polytraurTja. sepas, 
burnings and inftamrnafons. 
During septjc corxji^ns and acute Infections it seems 
to be a prpgnostio mariner and is therefore of value in 
monitoring these patients. 



IBL offers an ELISA for quantitative determination o( 
soluble CD-14 in human serum, -piasma, ceil-cufture 
supernatams and o^er biological fluids. 

12x8 determinations 
(microStBr strips), 
precoated with a specific 
monoclonal antibody, 
2xt hour incubation, 
standard range: 3-96 ng/ml 
detection limit: 1 ng/mi 
CVrintra- and interassay < 8% 



for more irrf omtation call or fax. 



GeSELLSCHAFT FUR IMMUNCHEMIE UND -BIOLOGIE MBH 

OSTERSTRASSE 86 -0-2000 HAMBURG 20 GERMANY TEL. +40/4910061-64 ■ FAX + 40/40 11 98 
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Oligonucleotides with Fluorescent Dyes at 
Opposite Ends Provide a Quenched Probe 
System Useful for Detecting PCR Product 
and Nucleic Acid Hybridization 

Kenneth J, Uvak^ Susan J.A. Flood, Jeffrey Marm^rO/ William Giusti, and Karin Deetz 
Pcrkln-Elincr, ApplK-d Ul^yyMcms Division, Foster Uty, Calironila 94404 



: n%« 5' fiUCleftBtt PCR m%%my datscts tK« 

! AccumuUtion M specific FCR producft 
■ by h/brldUslion and cleavage of a 
doitble*labeled fluoro^anlc probe 
during the amplification reaction* 
The probe U an oligonucleotide with 
both a reporter fluoreiceni dye <kitd a 
quencher dye attached. An Increase 
In reporter fluorescence Intensity In- 
dicotes that the probe has hybridized 
to the target PCR product and hus 
been cleaved by the S*-*3' nude- 
olytlc activity of laq DNA polytn vr<i»e. 
In thU study^ probes with Che 
quencher dy« aliiiclied to an Internal 
nudeotlde were compared with 
probe* with the quencher dya at- 
tached to the )'-end nucleotide. In all 
cases, the reporter dye was attached 
to the 5' endi All Intact probes 
showed quendiing or the reporter 
fluorescence. In general, probes with 
the quencher dye attached to the 3'- 
«nd nucleotide exhibited a larger sig- 
nal In the S' nuclease PCR assay than 
the internolfy labeled probes. It Is 
|>roposed that the larger signal b 
caused by Increased IIHellhood %»i 
cleavage by 7aq DNA polymerase 
when the probe Is hybridized to a 
template strand during PCR, Probes 
wlUi the quendier dye ottadied to 
the 3'-end nucleotide also tuchlblted 
an Increase In reporter fluorescence 
Inisnftlly when hybrldlaed to a com- 
plvmeniary straiMl. Tliu^ ollgotiucl^ 
otldc9 with reporter and quencher 
dyes attached at opposite ends can 
be used as honaogeneous hybrldlxa- 



homog<rncous; a!:juiy for dcioctlng 
Uiv M4xiiiri\il4itiuii of specific P<*R proct- 
uct that uses a doublv-labclcd fluoro- 
genie probe was de.srrSbcil by Lee et al/'^ 
The assay ex])l0(ts the 5' - » 3' nucle- 
olyilc activity of Taq UNA poly- 
ijiciaae^''^* iinO h fWw^nmi^ In Mguie 1. 
The fluoiofjeaii.' [iitjlni votiviNb of im qII- 
gftnu^Iccjlidi? u/iU» \t reporter fluorescent 
dyft, Muli «i « nuorciU'lri, attached to 
Uir 5* vjkI; and it quencher dye^ such as a 
rhodamiiic, AUachcd InternaHy, When 
the tluorescein Is cxclt€d by irradiation, 
Us fluorescent etnliSlon Will hc 
quenched li tltc liuMlaniinc Is dustt 
enough to be csccticd through the pro- 
cess of ftuoresceiuv vxxkt^ transfer 
(I'lCr)/''-"' During PCR. If the probe is hy- 
hM\7xA to a tcmpUlt! ^hiiiid, T(4q DNA 
polymerase will cleave iJie probe be- 
cause of its inherent ^i' --v 3* nuc]eol>'tic 
activity. If the cleavage occurs between 
Die fluorescein and rhodaminc dyes, it 
causes; an increase in fJuorcsedii fluorex- 
cuncc mienslty because the fluorest^cn) 
ijj no longer tjue.nched, Tlic increase in 
fluores^X'Jn fluorescence Intensity liidi- 
cales thui the probe-spedflc I*CR product 
has Unif I ^jencriiteU. Thus, FET between 4t 
ie|Nii(ci dye and » quencher dye Is iTiti- 
cal to the pcrformencc of llie i^iuUr lu 
Uie 5' iiui.ltf*i:>c pen txssuiy. 

Quenching jn completely dcpcndciil 
on the ])h/xic^l proximity of thv two 
dyci/''' ficcAusc of thb, U hdA ln-iiii a:*- 
sumcd tbol the qucnclicr dye J«u^L be 
ullaclied neaa the 6' end. Sur|#riaiii}«]y, 
we have found that attaching o rho- 
UaiiJtne dye ol the 3' end of a piot/t: 



I*CRosstty. IniKhcffTiorc, cleavage of this 
type of pn>he is not rcquirec to actJlevo. 
some reduction In quencl'iing».OIij;omi- 
clcotidei with a reporter dye on tin* 5' 
end and a quencher dye on tile 3' end 
exhibit 41 much liigher reporter fluores- 
cence when dounie-stranuca as com- 
pared with sinsle-strandcd. Iliis should 
make it passible lo use this type of dou- 
ble* labeled probe for nonu>gencous de- 
tection of nucleic acid liybnuization. 



MATERIALS AND METHODS 
Oll9onuct«otld€S 

Table 1 shows the nucleotide sequence 
of the oli^'onuclcotides used In this 
study. Linker arm nucleottUi^ (LAN) 
phosphoraniidnc was (jbtalned from 
GJen Research. 'I he standard DNA plios- 
phoramiditcs, 6-carboxyfluorcsceln (6^ 
FAM) phosphoraiiUdite, (i-curboxytet* 
raiuethylrhodaniinc suedriimldyl csiCf 
(TAMRA NliS ester), and Phosphnlink 
for attaching tt 3*-bJ0Cklng phosphate, 
were oDtaiiicci lium Hcrldn-Elmer, Ap- 
plied Biosystems Division. Oligonucle- 
otide vynthesls was performed using an 
AB! model 394 DNA synthcslu-r lApplied 
Biosystems). yrimer and complement 
oligonucleotides were purified using 
Ollgu PuHricatiori Cartrldscs (Applied 
BLosysicinO' I3uublc-lulwji:d jirobo were 
^yrithesir.evl with (i-PAM-Ubeled phov 

plundififiliLc al llifS 5' itful, IAN rvpluclllg 

oiHt of theTs in the sequence, and Hios- 
p ha J ink M the V cnd, FoUowtiig de- 
piolet:tU>n «iicl ethuriol preciplt&tioil) 



QOHH 



Z0S6 091 61^6 IVd IS^ri 2002/S0/6T 



Frx)ni : BtIL PHONE No. : 310 472 0905 . Dec. 05 2002 12: ISAM P04 




Polymerlz^ition 



Primer 



3'" 



Strand diGplaccmcnt 



Pfimar 



Cleavage 



-3' 
■5- 



-3* 
■5* 



Polymerization completed 



a* 

■5* 



FICURt 1 Diagram of 5' nuclease aswy. Stepwise represematlon of me 5' 3' miclwlyrtc ac- 
liviiy of Ta<i DNA polymerase aalnK on a fkioiuKenk' pwiK durJuK one cxtcnsiaij pJwsc of J'tlR, 



niM NA-l>lcarl:*oiiRic bulfci (pll 9.0) ai 
room tcmpcr.iiuic, Utircacicd dye \y«s 

icmuvcU Liy pcu»d}[^«r uvtri « I'D<>10 ScpllM* 

dcx column. Finally, Ihc double-labeled 
probe WM purified by prcparnttvc hjRh- 
pcrfitnnnnce U<juid chromato^rapHy 
(MHX:) using ai\ Aquaporc Ck 22()x4X- 
inm column with 7-p.m particle sire. The 
column WflA dtiv€dopc:d with a 24*niJti 
lifutttr gradient of 9-20% ttcctotiUrllu in 
0,) H TEAA (trivthyldininv iicctatc). 
I'robes are named t>y designating the se- 
quence from I'ablc 1 and the posUlou oX 
the UN-TAMRA moiety/ Tor example, 

probe Al-7 han sccjucncc Al with f 
TAMRA at nucleotide po^Uion 7 from the 
.S' end. 



All l^H ami^lincaiions were performed 
in the Pcrkiii- Elmer GcncAmp PCR Sys- 
tem 96UU using SU-»U reactions that con- 
talned 10 mM Ttis-HCl (pM 50 iiim 
kCI, 200 fiM UA'iT. 200 jtM dCI l', 200 ^ 
dOV>, 400 |i.M dUTP, 0.5 unit of Ainplir- 
ase uracil N-glyco$ylase (PcrKlnTEJmcr), 



gene (nuelcoUdca 214I-243S in the 
qucncc of Naka|lino-Ii|inia ci al.)^'* %va$ 
atufrlifitrd using pi inters AVP ttitd AilP 

(Table 1), which are modified sUghlly 
from those of du Drcull el aK*''^ Aclin am- 
pliftcotlon reactions contained 4 mw 
^S^'i;** 20 ng of hunian genomic J>NA| 
SO nM Al or A3 probe, and 300 nM each 



primer. The thermal xeglmen vras SCC 
<a mln), flO mln>, 40 cycles of 95V. 
(20 aec); 60^ (1 niin), and hold at TZ^'C. 
A 515'bp Kcgnient was atnpllflcd from a 
pJasmId that conaUtK ol a segment ol X 
DUA (ji\iclcotldc« 32,2PX>-3?.,747) in- 
serted in the Smal site of vector pUCl 19, 
'nn?5V ruavtloiiii vutituinttU X.5 him 
M};C:i2. 1 of plusmid DNA, 50 riM ?2 or 
PS probe, 200 nwi primer V\19, and 200 
iiM piimei R119. 'Vhtr Oicrmal ief[Jmen 
wa* $<rc (2 mln), 95*C (10 min), 25 cy- 
clc» Of (20 9cc), 57"C (1 min), and 
hold at 72'^C 



Munrrscence Detection 

For each amplification roaclloni a 40-fU 
aliquot of a ^mpie was transferred to an 
Individual w«>l] cW a white, 9^.w<ill micro* 
titer plate (I'erkin-Ulmer). nuortiicence 
was measured on tlic I'erkin-iilmcf Taq- 
Man LS.SOU System, which consists of a 
lumlnescencQ spectrometer with pUic 
reader euL&embly^ ;i 4B5-nm excitatioa f\U . 
ter, and a Sl5«>nm emhiiion fillei*. Cxch&« 
tion was at nm usinj* a 5*nm slit 
Width. Eailsslon was measured at S18 

•nm for 6-VAM (the. reporter or W value) 
and f>^l nm for I'AMIlA (the <]uencher or 
Q value) using a lO-nin altt width. TO 

dciciminc the hicicasc in icptntei \:nils- 
that h caused by dvavaj^e of the 
probe during i'CR, three normali/Jstlona 
arc applied to tlic raw emLvMnn data. 
I**ir3t, cmUsion Lntcmliy of a buffei blank 
h subtcacicd for each w;iVt:1cii{;llK Sec- 
ond, emiislon Inieniiliy of the reporter is 



TABLE 1 


Sequencer of Oll^oauclcolides 




Name 


lype 


Siaqueiiu^ 




pilnicr 


ACa:ACA<30AACT0AlCACCACTC 




prlmvT 


A'lxsTCCiCGTrcccKScrrr^cxmciCiC 




probe 


1 0CCA'rXACrOA'iXXrinxiCCAACCACTp 




complcmcnl 


ClACrCCrrCCOAACXJATCACrrAATGCCUTC 


I»5 


probe 


CaOATnGCrCOTAIdVMXJACAACCAlV 


rsc 


eumplcTiicnt 


nrJ^TCCTTGTCATACAlA<X::AOCAAA'rCCC 




prixncf 


TCACCCACACTGTGCCCATCTACQA 


ARr 


primer 


CV\CiafUAAt A XiCTCArrCKX'AATCU 


Al 


prulic 






compl«in«fit 


Ac:Ac:tu>^(U!A'lx:(:(Jv'l-<:(:c;c;t;A<:(:(;tu'^AC 


A3 


ptol>c 


CGCCCr|t5GACrrCCA0CAA<iACAT|. 


A3r^ 


eunipliniietJl 


crATrrcTrocrcoAAcrrccAfinGcxAC ' 



rot cich oUKonucicutiUc used In tills iludy, Uie nucleic add sequviKT is ijiven, written in the 
&' V 3' diiyctloii. Tbeie «re O^rer typrji of uli^unudcotide^; PCR pilmeri fluorogenJc probe uhxI 
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618 

IM tMHft. 


nm 


682 nm 
no %*mp. 4 t^mp. 


TO- 




AM 


A1-2 


30.5 d 2.1 


92-7 4 1,0 


30.2 It a.o 


38.2 4 S.D 


0X7 * 0.01 


0.60 J 0.0a 


0.10 d 0.06' 


Ai»r 


03.0 A 4.3 


306.1 »21.4 


106.6 It* 64 


110.3 J* 5.3 




3.56*0.17 


3XiO»O.I(i 


AM4 




403.5 i'td.1 


tC0>4ft.3 




1.16 i 0.02 




3.184 O.IS 




107.5* 17.9 


^39,7 7.7 


70.3 ^ 7,^ 


79.0 9,0 


5.67 3 0.06 


6.(K)iO«1C 


3,131 0.16 


A1-32 


224.C d 0.<4 




100.0 ^'I.O 




X 0.03 


5.02 J. 0.1 1 


C77l0.1fi 


A1-26 






i«.1*b.4 










fiCURE 2 Roulls ot 5* 




iivg pf<>bc$ with TAMRA «t ^Mhrtnt 



utitU pojitions. As described In MatcflaU ana MethoUs. VCM xmplSAcailonft conlamtng the Jn- 
dicalwJ probf J wre performed, and thtt fiuorcsvcncu emission was measured SIS ard 562 nm. 
Reported v«lvH» arv the avcra^c^l s.Oi for six reactions nin without addod icmplale (no icmp.) 
ami six reactions run with template ( i tcnip.). Th^* KQ ratio was calculated for each individual 
reaction and avcTaK(-*<l g^vc tlic Kjported'RCi" and HQ ' values. 



QiviOrU by the etnliislon liueiisliy uf Ihc; 
quencher to give an ratio for cadj 
fcaciioa tube. This normalizes for wdl- 
fo-well variations in |>robo rnnc^ntra- 
uon and Ouoresceiice n^casurcment. vu 
> naiiy, ARQ is calculated l>y subtracting 
mc kQ value o/ the no-templatt* txintrol 
(RQ") from the RQ value ^i>r llie wuv 
picic reaction including template 
(RQ'). 

RESUtTS 

A series of proties with increasing clis* 
lauces Detwcen the Ouurexcciu repurtci 
diul rhodomlnc quencher were tc:<tv<.I to 
investigate the rninimuin and maximum 
spacing that wouw give an acceptable 
performance in the 5' nuclease rCH as- 
wy. Tncse probes hybridize to a target 



^eqaencc in the human ji-actin gcnr- 
n^uic 2 shows the results of on cxjicri* 
niciit in wliich liicsc probes were In- 
dutlcU in PCR thai ampUfled a segment 
of tiic p-in1ln grjiK LtMi laming the lajgct 
5vC|ucnct% IVifi/unnnce hi the S' nu- 
clease I*CR assay h monitoreU l;y Ihc 
magnitude, of AkQ, which b a measure 
of the increase hi icporn.T nuorrn^nw 
Lau:ii:d by PCR amplification of th<i 
probe target, Hrohe A)-2htt& n value 
that is close to mo, indicating that the 
probe was not cleavetJ appreciably dur- 
ing the ainpliflcalkou renviion, Tliih aug- 
KCJ»U that with ihc qucn<;:hcr dye on tlltf 
scvuiid nucleotide from the end, U^ere 
1$ lusuffldcDl KKini U>i Ti4t^ i>olymciast: 
to cleave efficiently between the reporter 
and ^uent.hei. The other five probes ex- 
hibited comparable. AKQ values Uiai are 



e!c4ir]y different from zero. 'i'hu\ «U five 
prolHTN arr hcTng cleaved dujinj; VCM am- 
pllflcailon loulting in a shnllai lnutfa.\tr 
ill lepo/tcA' nuoi^ccJiw. It xhuuld l>e 

noted that complete digc-^iion of a probe 
prtiOuces a much larger increase in re- 
porter fluorescence Uian that observed 
In riguro 2 (data not siwwn). lluu, even 
In rtiactiuns where anjplifiisitlon occur.\, 
the ma)ortty of probe moJoculos R'Uiatii 
undcavc<l. It is mainly for this reason 
that the iluoxesccnce Intensity , of the 
quencher dye TAMJIA changes Hiflo with 
ampllflr^Unn of the targrj. This Is what 
allows us to use the 6B2-nm fluorescence, 
reading as a normalisation factor- 

The magnihidi* of UQ* drponds 
mainly on the qticndiing efficiency in- 
herf.nr in the. spe.cihc .structure o! the 
probe and the purity of tJie ollgoiiude 
otide. llius, the larger ItQ" values Indi- 
cate thai proDes Al'l4, aj -19, Al-22; and 
Al-26 probably have reduced quenchUig 
as compared v4th A3-7. 51111. the degree 
of quenching la sufficient to detect u . 
highly Mgnificant IntTCJiiw In reporter 
flu<irr.2K:ence when tmch uf these ]>rol>e.t 
ia cleaved during PCR. 

To further Investigate the ability of 
TAMkA on the 3^ end to quendt fj-FAM 
on the 5' end, three additional pain> of 
probes were tested in the 5' nuclease 
PCR oasay. Foi each pair, one pcobc has 
TAMRA ottoched to an intcrnol nude- 
ulldt: and Uie iilhti ha.s TAVIHA attached 
to the 3' cad nueleotldc. The results arc 
shown In Tabic 2. hor all three set.\ the 
probe with the 3' quencher exhibits u 
ARQ value that Is wnsiUerably fiighci 
tliaii for the probe with the Internal 
cjuendicr. The UQ' values suggest tKnl 
differences In quenching arc not as grcut 
as those observed with some of the Al 
pT<)bc»» Tliese results demonstrate that 0 
quendier dyc O?) the 3' end of an oligo- 
nucleotide can quendi efficiently the 



TABLE 2 Results of S' Nuclease Assay Comparing l»rob«a wlOi TAMRA Attached to an lntefi\al or 3*-terminarNuclcotidc 



S18 mil nm 



Probe no temp. temp. imj u-mp. ^ iomp. WQ. ' ^HQ 



... 6 546- 3 2 84.g :i / 116,2 2. M 0,47^.0.02 0.73 i O.OH 0.:«,±0.(M 

JZA^il Z^LuA a4.2,^4.0 90.2 3,g 0,86 a 0.02 2.62 £ 0.05 1.76^a05 

W 7 ft? R - 4 4 3B4 0 ± 34.1 lOi.) I 6.4 120.4 * 10.2 0.791 0.02 X^O * ai6 2.40 0,16 

;;;; Tz? mA^tl S:"*?!! 340.7^8,5 tlS.7.4.8 a81±0.01 4.68 ±aiO 3.88.0.10 

ieii ncin 77 s fi^ 244 4 a 15 d 86,7 i 4,3 9S.B ^ 6.7 0.89 * 0.05 i55 0,06 1.66 ± 0.08 



:: r — . .,..,....4.^ *,*..k»« riiU-..Uilnns were nerformcd m described In M«lcrIoi «..ti Methods and in the legend to 2. 
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flu«r*»ju'^nrr of a r*^prtrter tlye on the i»' 
cnil. Hit? Uv^roe of qucncMng U Suffi- 
cioiil for OnH type of oUgontJclcoildc to 
be used as a pr6bd in the S,' nuclease PCH 
assay. 

To test tbc hypothesis thai qucnrhing 
by a V 'i'AMRA civpcndc on the flcxibiHty 
Of tjie olif^oniiclootldc, fluomccnco was 
mc4&uioO Ku- jjiubiin in the Single- 
smnded find Owuble stranditd states. Tft- 
hlf' A rcporU l)i«f ^uo^v^M:cncc; observed 
at SIH and S82 Jim. The relative degree 
of quenching ts assessed by calcuUling 
the RQ catii). ]k\T probes with TAMRA 
MO nucleotides from the S' end, iherv 
is little difference in the RQ values wiiciJ 
aiinparing slngle-siraiuled with double- 
Strandcni oligonucleolldcs, The results 
for probes with TAMJ14 (t( the 3' end are 
iiiuch different. For these probes, hy- 
bridization to a complementary strand 
causes a dramatic increase in HQ, "We 
propose that this loss of quenching is 
caused hy the rigid Structure of double- 
Stranded ONA. wllicll prevents \hc 5' 
and 3' ends from bcinjj in prt?xiniliy. 

When TAMRA i$ placed toward the 3* 
end, there is a marktjd Mg** effect on 
quenching* Figure 3 shows a plot of ob- 
seived RQ values for the A) series of 
probes as a function of Kiji}'* conceniro- 
tion. With TAMRA attached near the S' 
end (proh« A 1 -2 or Al-Z), the RQ value ai 
0 niM Mg^" is only slightly higher than 
RQ ai 10 mw lAfC ^ . Vox probes Al-19, 
Al-22. and Al-26, the RQ values at 0 mM 
Mg'^ are veiy hiKh, Indicating a much 



rodiiccd quenching efficiency. Por cnch 
a{ these probes, llieie h » ntarked de- 
cree a;c in HQ at 1 mM Mg' ' fiiU4>wcd by 
u gradual decline as the Mg^ ' cviiccu- 
truiion increases to 10 mM. I'lubc A1-14 
)l)ow3i en intcrmedldte RQ vulue at O mw 
Willi gradudl decline a\ nigncr 
Mj;'''* concenliail4iii:». In a iow-sall CO- 
vinjnmcnt with no Mg' " present, a sln- 
gle-Mniri<Ied oJl^onudeoi lUc would he 
cx^Tccicd to odopl Ati i'xiendct) confor* 
maiion because of electrostatic repul- 
sion. The binding of Mg'* Ions acts to 
shield the negative diarge of tlic phos- 
phate backbone so that the oligonucle- 
otide can adopt conformations where 
the :V end is close to the 5' end. There- 
fore, the observed Mg^ * effeas support 
the notion that quenching ol a 5' re- 
porter dye by TAMt^ at or near the 3' 
end depends on the flexibility of Uic oli- 
gunucleoride. 

DISCUSSION 

The striking finding of this study is that 
it wenis the riiodamine dye TAMKA, 
placed at any position in an oligonucle- 
otide, can quench the fluorescent emls- 
sion of a fluorescein (6- 1 'AM) placed at 
the S' end. Ti"ils Implies that a siiijilv- 
stranded, double-iahcU^ oligonucle- 
otide must be able to adopt confonna- 
tions where the i'AMRA is cloic to rhe 5' 
end. It sliould lie noted that Uie decay of 
6-PAM In the excited state requires a c«r- 
toln amount of time. Hierefore, what 



TABIC J Comparison PUioicAcciKc Enii>»loiJS( of .strjKle-striinticd and 
Doiiiil«-]iir»ndcd Pluoro^enk ^i'dbe^ 



$U nm 



nm 



RQ 







ds 


99 


Us 


ii 


as 


Al-V 


27.75 




61.0ti 




OAS 


i)SO 


A 1*26 


43.31 


509..3a 


53.50 


93.86 


0.»1 


5.43 


A3*6 


16.7S 


62.88 


39.33 


16S.57 


0.43 


0.3« 


A.V24 


30.05 


578.(54 


67.7?. 


140.25 


0.45 


3.21 


ra? 


35.02 


70.1.^ 


M.63 


123.U9 


0,64 


0.58 






-^20.47 


6yiu 




0.61 


SJi5 


l'S-10 


27.:i4 


i44.ar> 


61,95 


165.54 


U.1< 


U.B7 


p<;-2ii 




462.29 


92.39 


104*61 


0.46 


4.^:1 



(ss) SinglC'Straiided. The fluorescence emissions at 618 or 682 nm for soluticm;; containing o final 
concentration of 50 nu indicaled probe, 10 ihm I'ris-MCI (pit 8«3). SO dim KG. and 10 mwi MgCl^j^. 
(ds) D(iublLM.trandpd. 'llin xoluttons eontained, In addition. 100 nu AlC for probes Al-7 tnd 
A)'7Xi. 100 iv^i A3C fox probes A3-6 and A3-24. 100 nM I'ZC for prnlx's rz-7 and 17'27< or 100 niA 
rSC fur probes and P^-aa, Hcforc tnc a<Mtmon of MxC*hj J k1 Of eacli :)iiltl|ile wm Heated 
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mattcm for qucucldii^ In not the average 
distance between Od-AM and TAMRA 
but, rattici; how close TAMKA can get lo 
6-HAM during die lifennie.of UlC CFAM 
excited lUtc. As lon^ «s tlic Ueuiy time of 
the excited state is relatively long cvin- 
pared wiin Uie muleailar motions of the 
oligonucleotide, quenching can occur, 
lljus, we propose that I'AMRA at tbc 3' 
end, or any other position, can quench 
6-FAM at the. 5' end because TAMRA 1$ In 
proximity tt) fi.FAM often enough lo be 
able lo accept energy transfer from an 
excited 6.FAM. 

Details of the fluorescence measure- 
ments remain puzzling. For example, Ta- 
ble 3 shows that liybrldlzation of probes 
Al-26, A3-24, and PS-ZH to their comple- 
mentary strands not only causes a large 
increase in 6»FAM fluorescence at 51fi 
nm but also causes a modest increase in 
TAMRA fluorcscena' at 582 nm. H 
'J AMR A is being excited by energy trans- 
fer from quenched 6-FAM, then loss of 
quenching attributable to hybridization 
should ciitisc a decrease In the fluorcs- 
ct?nce emission of TAMRA, the fact that 
the fluorescence emission of TAMRA in- 
creases indicates that the. situation Ls 
more complex. For example, we have an« 
ecdoiai evldenci; tit at ttio bases of the 
oUgonudeoTide, especially CJ, quendi 
the fluorescence of botli 6-FAM and 
TAMRA tn some degree. When double* 
stranded, base-pairing may n^duct^ the 
abUity iii the bases to quench. The prl- 
niaiy factor causing tile quenching of 
6->'AM in an intact probe is the TAMRA 
dye. Kvidencc for tJie lmportqn<« of 
TAMRA is thai 6 KAM nutjfi!M..cnce 
rcma^n» rclttUvcly unciionged when 
piol>es labeled only with 6-l'AM are used 
in the nuclease rCR assay (data not 
showji). .Sea^ndary effectors of fluorcs' 
cc-nce, both before and aflei cleavage of 
the probe, need to be explored further. 

Regardless of the physical mccha- 
nlsm, rhe relative independence of posi- 
tion and quenching greatly simplifies 
the design of probe* for the S' nuclease 
PCR afiHay. There are three main factors 
that determine the pcrfocmance of a 
double-labeled fluorescent probe In Uic 
6' nuclease 1>CR assays The first factor Is 
the degree of quenching olwerved In the 
intaa probe. Tills Is characterized by the 
vhKu' of RQ' , which is the ratio of re- 
pnnoj to quencher fluorescent cmis 
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FIGURE 3 Kff<*ci <if Mg*^'' c<:>i^cftrttrAticn An RQ ratio for the Al wrtex of prob«j. The fluorm'^nitf 
cml$sioa laleosliy at S18 and SS2 nm wa^ mcasurccl for sciiutfims containing SO tiM probtj 10 mM 
TrI$.Ha 0>H B3>. 50 mM KC4. Uf\d varying aniounis (O-IO mu) of MgQa. "I7><f calmUtc*! \t<l 
ntios (5 J 8 nm tntenslty 6\viM hy .S82 nm intfiwiiy) ua- pUiUod v*. MgOa cojiceiurailon (mw 
Mk). 'rtic k«y {tifflMf ri^i) i^Uuvm tUt: fiiijtntk VAatuniKnt. 



dyM used, spacing between reporter and 
quencher dyes, nucltotlde seqviencc 
context cffcda, presence of slcuelurc or 
ulliet racLui:> lUai itrduce flexlbillly uf 
(.he oligonucleolide, and pudty of the 
probe. The »ce^nd fflctor i?s the efficiently 
Iff liybcidu&ttUoilf which depends <n\ 
probe 7*^,, ptescnce of iccondary Mruc- 
lurc In probe or tcmpUic, annealing 
tcmpcfatuic, And other reaction eondi- 
ilons. The third foctoi is the cffldency n\ 
' wtilch Tflcf DNA poIynKTdSf dcctvcs tlic 
. bound probe bclwecn Ihc reporter and 
quenclier dy€fS. Tills cleavage 1$ depcn- 
JeiU on HrC|ucncc complcmcnlaiity be- 
tween pTobe and template as shown by 
liie ob&ervaliou Uiftt mismatches in the 
segment between leponer and qwencher 
dyea drastlcdlly a'dute tlic vrlcttvuKv i»f 
probe." ^ 

llie rise in KQ' valuer for the Al se* 
ncs of probes seems to indicate that tl^e 
degree of quenching 15 r«:cluc(:u some- 
what as the quencher is pldced toward 
the :V end ihe lowest apparent quench' 
mg is observed for probe AM 9 (see Fig. 
3) rather than for the probe where the 
TAMRA Is at the end (Ai-zo). i his ix 
understandable, as the conformation of 
the 3' end position would be expected to 
be less restricted than the conformation 
of an internal position. In effet:t, a 
quencha al the 3' end Is freer to adopt 
conformations clow to the 5' reporter 
dye than . is an internally placed 

9T0ia 



prober, the interpretation of RCl values 
is Im» clear-cut. The A3 probe j show the 
some trend as Al, with the 3' TAMRA 
piubc liaviii^ a laij^er RQ ti^an ihv 
lernal TAMRA pfobe. For tl\e V2 pali, 
lx>lh probr.s have ahmit the same RQ " 
value. Poi the PS probes, the RQ for ihc 
3' probe, is less than fftr the intcfoaily 
labeled probe. Another factor that may 
explain wine of tVic oKiervctd variah'an r« 
that purity affccty the RQ" value. Al- 
ii lUU^Ii all ]jr»ljc» are HPLC puiifitrd, a 
small amount of contamination with 
unqucnchcd reporter can have a large ef- 
fect on. HQ . 

A]tlK»u^h there may be n modest el- 
fetii on decree of quenching, the posi- 
tion of tin: quencher apparc/aly i^aii 
lirtvc a large effect on the cffidcnry of 
pi'olK: cleavage. The most drastic- effect is 
observed wUii prolje Al-2, where place- 
ment of the i'AMRA on the second nu- 
cleutidr tedui.es ihc efficiency of cleav- 
age to almost xexo. For the A5, 1% and PS 
probes, ARQ Is much grtuder for the 3' 
TAMKA probes as compared with the in- 
ternal TAMRA probes. This Is explained 
mosi easily by assunilnt; timt piobes 
with 1 AMRA at the 3' end are more likely 
to be cleaved l;etwecii icixittei and 
quencher than are probes with TAMRA 
attached internally. Tor the Al pfobes, 
the cleavage efficiency of probe 
must already he quite high, as ARQ docs 
not Increase when the quencher is 
nlnrwl rlow to thi» V end. This illus- 



trates the importanro nf hr»ine ahlr to 
usv probes with a quenchor on Iho \V 
end in the S' nuclease PCU arisay. In ihlB 
assay, an increase in the intensity of re- 
porter fluorescence is ohser\'e.d only 
wUuil the probe Is cleaved between ihc 
reporter and quencher dyes. By placing 
Uiv lupojiur and quuucliLM dye& un the 
opposite ends of an oligonucleotide 
probe, any cleavage that occurs will be 
detected. When the quencher is uituehed 
to un buuniul riuduotldu, voineUmes tlie 
pKube wurk> wcU (A 1-7) and 4)lh«r tUiics 
not so well (A3-6). llje relatively poor 
performance of probe A3-6 presumably 
means tlio probe it being cleaved 3' to 
the quencher rnthor than between die 
r<>pnripr and quencher. Tht^refore, the 
tKSt chance of having a probe that rcU- 
ubly detects accuniulatiuii of PGR prod- 
uct in the nuclease I'CR as.say is to use 
u proho with The reporter ond quencher 
dyon un opposite end^L 

Placing the quencher dyu on the 3' 
end may aldo provide a slight benefit In 
terms of hyhfidl/ation efficiency, 'llie 
presence of 0 quencher attached to an 
Inlcrnal nucleotide mi^ld be c;spcctcd to 
dhiXLpl biisd-pairin^ and reduce the 
of a probe. In fact, a ZX^TC rvtthiciKin 
in linj been obscivtd for two piobcs 
with inieiiiaUy aU«d»cd 'I^AMUA^-^"^ I'lns 
disruptive effect would be minimised by 
placing the quencher at the 3' end. Thus, 
prober with 3' quenchers migiit exhibit 
alif^htly higher hybridiration efficiencies 
than piulies wilh interna] qucfichen. 

The combination of increased cleav- 
age and hybridisation efficiencies niean.^ 
that probes with 3' quenchers probably 
will be mote loieianl of mismatches bc- 
twcn probe ond target as compared 
Willi jjilernally labeled ptobes. Tins tol- 
erance of mismatches can be advnnto- 
geous, as when trying to use a single 

probe to detect PCK-amplificd prf>ducts 
frtiin j»^mii|>1ks uf liiffeienl .\peclcs. Also, U 
means that cleavage of probe during POI 
is sensitive to alteratiomi in ad* 

aealing temperature or other reaction 
conditions, The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic dlscflmlnotlon. Ixic 
ct ^\y^ demonstrated that allele-spedfic 
probes were clcavcd between reporter 
and quencher only when hybridized to a 
perfectly complementary target- 'I'his al- 

iov^(»d them lo distinguish the norma) 
human cystic fihro?ii5 allele from the 
mutant, Their probes had TAMRA 
attached to the seventh nucleotide from 
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FIGURE 3 Kffcct of ' concentretlim on RQ ratio for tlic A3 scrlCB of piobcs. The nwarttjictnicii 
emission intensity al 51 R and 5fi2 nm was mcajurctl for solution!* containing 50 nw probe, JO mM 
T^iJ^-^a.(pH 8.3), 5C> mM KO, antl varying amounts (0 10 mM) of HgCJa.. Thv calculated RQ 
r»t><is (518 nm Intensity dlvidett t>y 5»z mn intensity) are plotted vs. MgCl^ conccnir4ti<ni (him 
M)J). The key (upper rl^ht) »hows th« probes examined. 



dyes used, spacing between reporter and 
quencher dyes, niideoUde sequence, 
context effects, presence dI structure or 
other factors that reduce flexibility of 
the oligonucleotide, and purity of the. 
probe. The second factor IS tnc efficiency 
of hybridisation, which depends on 
probe 7'^, presence ol secondary struc- 
ture tn probe or template; annedUng 
temperature, and other reaction condi- 
tions. The third faaor is thf> efficiency at 
which Tag DNA poiymenise cleaves ihc 
bound probe between the reporter and 
quencher dyes. This cleavage is depen- 
dent on sequence complementarity be- 
tween prtibtj and template, as shown by 
the observation that mismatches in tht? 
segment between reporter and quencher 
dyes drastically reduce Uie cleavage of 
prohe.^*^ 

'the rise in RQ values for the Al se- 
ries of probes seems to Indicate that the 
degree of quenching Is reduced somt;* 
what as the quencher is placed toward 
the 3' end. The lowest apparent quench- 
Ing is observed for probe AM 9 (sec Fig. 
3) rather than for the probe where the 
TAMRA is at the 3' end (Al«26). This is 
•undctstandiiblc, as ihe conformation uf 
the y end position would be e^tpected to 
be less restricted than the conformation 
of an internal position. lA cffecti a 
quencher ar the 3' end Is freer to adopt 
conformations close to the 5' reporter 
dye than is an internally placed 
quencher. For the other three .vets of 



pruU-s, Oic ittti'.rijreiatlon of RQ* values 
i<i less clear-cut. The A3 probes show the 
same trend a.s Al, with the 3' TAMRA 
probe having a larger RQ"* fhun I he in- 
icrna! TAMRA probe. For the P2 paii, 
both probes have about the same KQ 
value. Por the PS probes, the RQ' for the 
3' probe is less than fvi Uic IiUciiially 
labeled probe. Another factor that may 
explain some of the ob.%ervtd variation Is 
that purliy affeas the RQ~ value. Al- 
though all probes are HPLC purified, a 
small amount of contamination with 
unquenchcd reporter can have a large ef- 
fcclonRQ . 

Although there may bc a modest ef- 
fect nn degree of quenching, the posi- 
tion of the quencher appaiently can 
have a large effect on the efficiency of 
probe deiivagc. The most drastic effect is 
observed with probe A 1-2, where place- 
ment of the TAMRA on the second nu- 
cleotide reduces the efficiency of cleav- 
age to almost zero. Tor the A3, P2, And P5 
probes, ARQ is much greater for the 3' 
TAMRA prober; as compared with the in^ 
temal TAMRA probes. This Is explained 
most easily by assuming that probes 
with TAMRA at the 3' end are more likely 
to be cleaved between reporter and 
quencher than are probes wlih TAMRA 
attached Internally. Por the Al prol>es, 
the cleavage efficiency of probe Al-7 
must already be quite high, as ARQ does 
not Increase when the quencher is 
placed closer to the 3' end. This lllus- 



Dec. 05 2002 12:i8fln P0S 



WIIIResearch 



ttaics the lnf\portancc of bcln^ ahlc to 
use probes with a quencher on the 3' 
end In the nuclease I'CK assay, la this 
assay, an tnereMC in the intensity of rc. 
porter fluorescence Is ohit«rved <jnly 
when the probe Is cleaved between the 
reporter <ind quencher dyes. )<y ])tiK:lnjs 
thi! feporter and quencher dy<5« on the 
opposite ends of an oligonucleotide 
jrriibe, any cleav;ig<* that ocuui; will Im- 
detected. When the quencher U attached 
to Ji) littc'iual nucleoli J L', frvnicilnuts die 
probe wArl« well and other times 

nol wi well (A3-6>. The rclmivcly i*oor 
performance of probe A3-6 presumably 
means the probe is beluK cloaved 3' to 
the. quencher rather than between the 
reporter and quencher. *l'h6r«lofe, the 
t>e.s1 chance of having a probe that reli- 
ably detects accuuiulatiun of PCR prod- 
uct In ihc S' nuclcaius PC assay Is to use 
a probe with the leporier and quencher 
dyes ori opposite ends. 

Placing the quencher dye on the U' 
end moy also provide a slight benefit in 
W.Tuy^ ol hybridization efficiency. 'I "he 
presence of a quencher attached to an 
internal nudeulide au^hl be expected to 
disrupt base-pairing and reduce the 7,^ 
of a probe. In fact a 2^C-3X reduction 
ill 7'„, Uhs l>een observed for two probes 
with internally attached TAMRAs/^^ This 
HL^mptive effect would be. minlmlccd by 
placing the quencher at the 3' end. Thus, 
probes with 3* quciichers might exhibit 
slightly hlglicr hybridization efficiencies 
than probes with internal quenchers. 

The combination of inaeased deav. 
age and hybridization efficiencies means 
that probes with 3' quenchers probably 
will be more tolexant of mismatclies be- 
tween probe and target as compared 
with internally labeled probes. This tol* 
erancc of mismatches can be advanta- 
gcousi as when trying to use a single 
probe to detect PCR*ampltfied products 
from samples of different species. Also, it 
raeani that cleavage of probe during PCR 
is less sensitive to alterations In an- 
nealing temperaiurc or other reaction 
conditions. Tlic one application where 
tolerance of mismatches may be a dlsad- 
vantacc is for allelic discrimination. i,ce 
at al/" demonstrated that allcle-speclfic 
probes were cleaved between reporter 
and quencher only wlien hybridized to a 
perfectly complementary target- This al- 
lowed them TO disUngUish the normal 
human cystic fibrosis allele from the 
APS08 mutant. Their probes had TAMRA 
attached to the seventh nucleotide from 
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UiM S' end an<l uiera doclgncd so thai any 
inisnuitchcN vfCfc between the rc|>ortcr 
&f)d tjuencher. Increaitlng the distance 
bc*twaan raporter and quench a r would 
lessen Hit; dUrupiiw effect of luU- 
matchcs and allow cleava|;« of th« probe 
on t\\v incocroct Urgot. Thui^, probes 
*^lth ^ quencher iittochcd \o an internal 
nud<^otlde may stUi bo useful lot allelic 
difa-rlmJoation. 

hi this study lost of quonching upon 
hybridisation was u.*!cd to show that 
quenching by a 3* TAMIU i% dependent 
oil tlic flcxlblUcy uf a slngle-stranded 0)1- 
Konudeotld<i. The Increase in rcportc/ 
lluorG^ceiiM- intensity, though, could 
Alto be uted to determine whether hy- 
bridization has Mcxurritd or nor. Thii5« 
oUgonudcoUdcs with reporter and 
queftchCif dye* attochcd at opposllc end* 
should also be ujcful ns hybrldliuition 
probes. The abJlUy to delect hybfldizA- 
Tlon In real xime means that these prubcs 
could be used to measure hybridization 
Kinetics. Also, this type of probe could be 
used 10 develop homogcncoiu hyhrld- 
t7Ation assays for diagnostics or other ap- 
plications. Bagwell Ct al."**^ describe just 
this type of homojjcncous assay wlicre 

hybridization of a probe caustrs azi in- 
eroase in fluorescence cauaud by o loss of 
quenehlng. However, they utilized a 
coxnpltx probe design Uiat requlitJJi add- 
In^ nucleotides to both end^ of the 
probe tcquvnce to form two Imperfect 
bairpiris. Ihe resuUs presented here 
dciiiuii:>ir4ie that the simple addlUon of 
a reporter dye tt> onc end of an ollgonu- 
eWotlde and a cjucncher dye lo the oUici 
end gcncratC'C a fluoro^enlc probe that 
can detect ii>'brldi^ttf>n or PCK ampUfl- 
cation. 
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Real Time Quantitative PGR 
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Wc have developed a novel "real time" quamhatlvc PCR mclhod. The method meacur^ PCR prodiirt 
accumuucion through a duMM niiorogenlc probe (U. TaqMan Probj^). ThU method P/^v dcs 
acairare and reprodudble qimnlUation of gene copies. Unlike other quanlilallve PCR methods, rcal-Ume PGR 
does nor require post-PCR sample handling prevendnfi potential PCR product carryover coniamlnation and 
resultinsr In much fesier and higher throughput assays. The ri^aMlmc PCR method has a very Lirge dynamic 
ranjre of starting targer molecule determination (at Wa^t five orders or magnitude). Real-time auantliarlvc 
PCR is extremely accurate and less labcrnntenslve than airrenc quantitative PCR methods. 



Qutintitaiivc niKJeic acid sequence miaiysis iias 
liad an important nile in many fields of biologi- 
cal research. McasuieiTK^nt of geuv. expression 
(RNA) has b«ttTi ufied extensively In nionllorJjig 
biological responses lo various st imalJ (i'<\u et al. 

Hvranft et aL 1995u,l); Prud'hoinme et al. 
1U95). Quaniiiatlvc gent* analysis (r;NA) has 
Ix-cii used to d«it:i*niinc the genome quantity of ;» 
particular gene; as in tlic case ot the human H]Ui2 
gene, which Is amplified in -30% of breast tu- 
mors (Slamoi) ei aL 1987). CJene and genome 
quantitiitioii (UNA and RNA) also have been used 
for analysis of human hiununodcficicncy virus 
(iiJV) burden dcnionstrnling changes h) the lev- 
els of vira^ throughout the diffttrent phases of the 
disease (Connor et al. 1993; Phitak ct al. .T9v;$h; 
l urtadf) et al. 1995). 

Many methods havti l>ecn described for thi: 
quantitative analysis ot nnclelc acid seciuences 
(hoih for RNA and DNA; Soutn^rii VJ/b} S>mrp et 
al. 1980; Thouici^i 19«0), Recently, 1>CR ha<; 
proven to bf a powerful tool for quantitative 
nucleic acid anal>'si5. PCR and reverse transcrip- 
tase (RD-PCR have permitted the analysis of 
minimal stitrtlng quantities of nucleic acid (as 
lilUe as one cell equivalent). This has made ]>os- 
sible many experinienis lhat could not hove been 
perfornitid with tradjtion.-Jl methods. Although 
PCR has provided a i>owerful tool, it Is itnperatjvi; 



thai it !;e u^cU piopcrJy for qunntitutlon (tt»«y- 
maeKers 1995). Many early rcjxirts of quantita- 
tive PCR and RT-PCR desalbcd cjuantltntion of 
the rCR product but did not measure the InltiaJ 
target sequence quantity. Il is essential to design 
]>ro]>cr controls for the quantitation of the initial 
tiivget scqucncfis (Hcrrc 1992; ClcnK-ntl ei ai, 

KvN«:(trchei5 have developed several n)«tlKids 
of quantitative PCR and RT-PCR. One appruat:h 
measures I'CK product quiintiiy in the l<jg phase 
of the rewtilon before the plateau (Kellogg ct al. 
1990; Pang ct al. 1990). This method requires 
(hat each santpic has equal input amounts of 
nucleic- add and that each somplc under analysis 
amplJf1e-s witJi klenllcdl efficiency up to the point 
of quauijlallvc analysis. A gene sequence (eort- 
talneU in «H .^an-iplcs at relutivdy constant quan- 
titivrti, such as p-act)n) on be us«d for samjilft 
utii|iliTication efticicncy nnrnializati<in. Using 
eonventional methods of VCM detection and 
quantitation (gd electrophoresis or plate capttirc 
hybridization), it is exir^mciy lahorious to a?wuje 
that all samples are. analyzed during the log phase 
of the reac-tion (for bolh the target gene and (he 
nonnaiizatinn gene). Aitoilier method, qtiantlta> 
tive eompetitivc (QO-l^^H, has iKen developed 
and is u.scd widely for K:R quantitation, (KMCR 
n:lics on the inclusion of an internal control 
compctlior in each reaction (Bcckcf-Andrc 1991; 
Hatak ct ol. I993«,b). The c^Oeloncy o£ each re- 
action Is nomialii^cd to the Inlcrnol compeUtOT, 
A krnrkwn auKiuiU of InteJTiai coini>ciitOf i'an bc 
aonru 7nc« no; Rf»« wj rc:itT 7nn7/cn/7T 
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nddod \f> oach R;\in|Jk'. 'i'<i obtain r(?l;<tivf qunnU 
tallon, lha unknown largct I'CU prcKlurt is ctuu- 
jiarcd Willi the known competitor 1»(*:k product. 
.Success of a quarMllaUvc cuiiipctilive I'CU assay 
reii^i oil acvcloping an Imcnial cvjitrv»l llial am- 
ItVitiirs with the same efficiency it:^ ihv Huijiyx ">ol. 
cxtUc. I'lie design of thf cuiupctliwi wiiU Ihv voJI- 
dation of amj)11flcailon cfficicjicii:* jcquJrc n 
<lcUlcatcd cffuft. Huwevci', l>ccnuse QCM'C:u d<K'» 
iiocrecjulrc tJnal PCUl juiKlucts be ai^iilyxitd during 
Che \o$^ phase of I hi; iintjiliricatioa, it is thu iUi^lat 
uf thr two methods to u^'c, 

Scver«jl d«t«clUm xysitcui^ wic um*.U foi quan 
tUativc I'CK aiul U'r-PC!U analysis: U) aj;*ir<>/;o 
gciSi (2) Xiuoivi^.x'iit labrJluK <»f VOM pi oducts nnd 
detection with In.nTr-liuhicrd nu<jrc.iicvncc vaUl^ 
capillary clc<:froph<nt:.ni» (h'ioccj ct al. 199^^; WH- 
llAins ex al. 1996} or acrylanildc gels, imd jilate 
Oipturtt and sandwich probe bybrldf/^itUiu (Mul- 
der 0.1 al. 1994). Althouj^h these IJIcnuiUs jmivtnJ 
StiCCO^<;sful. each metlioU requires poil-3*CK mu- 
nipvilatlons That add Tlnit! to the iiuiilyMs iinO 
in«y lead tu ]abuMi(wty iunlrtwitnation. The 
sample ihn^ughpul u( Uie»tr lairDiudN t> limited 
(wH)> tlu- »-xc.cpilcm of the plnlc capture «p- 
proiK'h), wrul, tlu:ri:fcjrv., thc^c methods, ore not 
well >uilt:d fill u>c^ dvriiiuodi'nj;^ 1^»r1i snmplc 
Throughput (I.e., screening of lur^e xtujiibcr^ of 
]ittituwlcn.ulTrN \n .jiiiilyy.hl^ .tAlUplva (km dia}>xlu»« 
tlo or cliniCfil triaUs), 

IkrtX wc r^rjK^rt tli<: dtn^ttlopiiicnt of u novel 
ils^^y for quantitative HNA aniily.il.'i. Tlie aiisay is 
l>H.Ycd on t)»*T ii.-<tt iif (h« 5* ouelvh.w as^ay flrit 
described by Holluiul et al. (1993). TJie JuvOiud 

ihc 5' nticlcui.ic flciivHy of 7V<*/ {x^jyincniAC t<» 
dcavc a noncTCtcndlhlc hybridly»tion probe dur- 

thr C7C tension phctae of T'CU. Tin; (ippnjoch 
Macs duiil-bibclcd fluorogcntc hybridl/.ntlon 
probes (Lcc ct n). 1993; J^oaalcr ct «). 1993; Mvak 
rt ill. 1^9rjo,b). One. nuorescvnt dyv serves ix» a 
reporter |FAM (i.e., 6-corbp?<ynuorvM*ein)( and its 
emission spectra i» quenched by the second fluc>* 
r«.*K*.ent dye, TAMRA (j-carboxy-t etr A methyl- 
rbodaminc). The nuclease dcjjradiition of the hy- 
brldl/Jitton probe releaNCS the queneiiint; ilK* 
I'AM flut>re:jcenl eiiiiitttUiii^ re:>uUin^ jn an In- 
crtuise hi pexik fluorescent emission at S2H nm, 
1'Jie use of 41 &e<)acncc detector (AUI Prism) allows 
mcasuicment of fluoreNcunt .%pcctnt all y6 wdb 
uf rlie mcrnial cycler continuously Uunnj; Uic 
1*C:K amplification. *rm:ri:f(ire, the reuvliou* aje 
iiu}nttnn.*d in real liiuc. The oui|>ui data is dc- 
.scribed and quuTUiTutlYc uimlysb t)f input t«4r};ct 
I )NA .<icquencc5 is disaused bciovr. 



RESULTS 



PGR Product perccrlon \n Time 

"Ulc gofll \Y5is lo develop a liigh-througbpul, sen- 
sitive, und nwuraie gene quant ll;itl(>n a.s«ay for 
use In monitoring lipid mediated tbftrapcuTic 
gene delivery. A plasinld wncnding human factor 
VJIl gene .';e<ju«nce, pI'STM (sec. Methods), wms 
used a& a nuxl^l ihorajKHitie gene. The assny iisr<i 
fiuoreNCcnt Taqman mothodoiugy an<l an in.siru- 
mcnl aijwble of mcasurintJ fluorcwenco in real 
thnc (Abl rrisni 7700 Sequence ndrclor). 'Ilu! 
iaqnNiii reaction requires a hybrldUwtion jnobr 
]a)>clcd witli two different fluorei;ccTU dyes. One 
Uye is a reporter dy« (l'*AM>, the otKcr ix :i quench- 
ing dye (TAMRA), When tlie priiU: \s Inlacl, fluo- 
icftccnl energy transfer occurs and the reporter 
dye fluorescent enit.v«on is absorbed by the 
quenching dye (TAKfRA). During Die extension 
pha.'se of the 1»CK cycle, the fluorescx'nl hybrid- 
l/jilloii prol>c U ckiived by the nucleolytic 
ocUvity of the ONA polymcrosc. On cleavage of 
the probe, tlie reifoftcr dye emission is no lunger 
lran.ifcrrcd efficiently to tJie yucnchinfi dye, le 
suhinK b» oit hicrease of the ruportor dyo AuorCfc- 
cenl ciiiixiltJJi «j>*etro. VCll priinw and probuH 
were de.^i^inHl fcn lliu ljuintin fitelor VllJ se- 
quence and human p-actin gt:ne dcieribed in 
Metliods). Opiimizfttion reactions were per- 
formed lo choose the appropriate probe uml 
magnesluni concenuations yielding <he liiKlu-^i 
Inif.nsily of rei>ortcr fluorescent signal without 
siierlfJeing specificity. The InMrumenl uses a 
chatxc'couplcd device (i.e., CCD camera) for 
measuring the fluorescent emission speetni from 
.';on ifi rt50 nni. llach VCAX tube was monitored 
si-tjueiitially for 25 tusiSK whh ciMillnuous monl- 
lorinjc; thnni^hout the oinpHficitiit>n. Utieh tube 
wa.i rr.-«Aan lined every H.5 .*»ce. Computer »<>fi- 
ware. was dci.'^igncd U> examine tlie flxiorcjcent In- 
tensity of both the rep<irter dye (I-AM). and 
the quenching dye frAMIlA). 'hic lIuoreisccAt 
bitensily of the quencliln/; dye, TAMIIA, change's 
very Utile nrver the course of the PGR am|)HfK 
cation (dat« uol shown). Therefore, Ihc Intensity 
of TAMllA dye emission serves hh an Internal 
.lUndtutl with which to nortnulliw the reporter 
dyi: (FAM) cmlssloh variatJons. Tlw software eal- 
eulole> «4 vdhie termed AHn (or ARft) using tl^e. 
following equation: ARn - (llnO wl^cre 
Un^ . cTnisslun ujiunshy o/ reporier/emission in- 
tensity of quencher at any given thuc in o reae 
tloii tube, »nd Rn r- emission inten.ulily o£ re- 
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poncr/umlJ55loil hiuxiiily t^f quencher mcosurcd 
prior 10 K;U ii)"plUicatioii in ihnr $amc Ttwctioii 
tube. I'or the purpose of qumituaiton, Ihc Usi 
tlircc riata puiiUS (AR«s) collL-aeil tlurlng rhv. ex- 
tension step for each rc:K cycle were anaJy/ed. 
The ntis-Ueolytic dcgraclanon of llic iiyonOiy-itioiv 
probe occurs (Uirtng ihc cxieasjuM phas^ or i'c:Ji, 
and, tht!rc'forc, reporicr fluorescent ciiiwwwn hi- 
creascs Oiiring this ihne. *nu: ihiw Uaia polnw 
were averaged for cacJi k:K cycle and ^he iiicmm 
value for cech was ploTT^^U in an "aiuplHlcatJon 
ploi" shown In VI^mtc 1 A. Tlic AKn mean value is 
piOUed on the ;A.axis, and time, represented hy 
cycle number, is ploliftd on the ;f-axis. Dxiring ttie 
early cycKis of the PCR ampjifitatlon, thf ARn 



value K^nialns at bas«i JJno Whi-n Mjfficleni hy- 
bridi/aiUm probe has hcicn cleaved hy die Tmj 
|X2lymera»: nui^leiAfift activity, the iiileiisily of ro. 
l>orU'S f)uorc.«:crti emlsa^on Invrettue**. Moj^l 1>C:U 
ainpriPiv^lions re«cJi u plalcao phoRo of reporter 
fJuujcH\Jiii emission U the re«t;lU«i h c»irriwl finl 
lo high c^cJe ijunilH:iN. The annj^lifiraHon plot id 
cxainhn.;tl vaiiy in lh*« reaclion, at 3 ]iolTit lh;» 
•cpj cscnis I he log phase of prcH-Uici arniTnula» 
tion. This Is done by wsiifirtlng 3" arbiUuiy 
ihi'cshold tiiu! in b«5ccl on the variMbilUy of the 
|>as«-line dMU. In Hglire 1 A> iJie lluftithold wm.s %c\ 
jil 10 standard deviatkiiiff above ihc rDcan of 
Vjarc lln<t enib:<Kin izalculated frorn tyi;lcj» 1 lo 1 fv 
Once the lhreshr)ld is chosen, the point at whfr.h 
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Floure 1 PCR product detection in real time. {A} The Model 7700 software will construct amplification ploti 
from the extension phase fluorescent emission data cdieaed during the PCR amplification. The standard de- 
viation is determined from the data points collect€«d from the l^ase «ne of the «nipjflc=!f^^'^ P'°!- Vn'lvi!!! 11 
calculated by determining the poini ai which the fluorescence exceeds a threshold limil (usually 10 timei ine 
standard devialion of the base line). (B) Overlay ot amplification plols of serially (1:2) diluted human Qenonuc 
DNA samples arriplified with p^dctin primers, (C) Input DNA concentration of the samples plotted >-t. Ail 



From : BML PHONE No. : 310 472 0905 Dec. 05 2002 12:22flri P14 



KIAI IIMI OUANHUIIVI [HM 



V 



the ainplificotion plot crofcsca llio thrcshoWis cly 
fined as C,, C, is rc|X)Tlcd un I ho cycle number ;ia 
this jxjinl. Ak will be clQmoi>strutucJ, <lu» CI, .value 
picUicLivt oi ihc quantity of tnjnit tiir^v.f. 

Cj Values Provide a Quantitative MeaKurcnKnr.oT 
Input Target Sequences 

Figure IB shows amplification ploi» of li»«<liYiV:»'- 

eiU PGR amplincdtlons overlaid, att^pltftcw- 
tionfi woro porfomifd on a 1:2 serial dUiitlora 
human genomic J^NA. 'line onipliflcd tar^cf w!u 
human p actin, The :»mplific:ition plots Kliifl to 
the right (to higher threshold cycles) n.^ the injnii 
largcl quantity h reduced, 'JT>is i»<i expected he- 
niHctloriK with f«w«r starting (•opj(m of t)lC 
largci molecule require greater ainpuricaUon to 
degrade enough probe to attain the threshold 
fluorescence. An arbitiaiy threshold of 10 stan- 
dard dcviaUon,^ above the base line was used to 
detynnine tJic C^- valuw. KiRure IC' represents the 
C:,. va!ucJ^ plotted vtTsiis the siunpJe dilutioi: 
value, Each dilution was amplified in iripilcalc 
Pf:« hmplfncations and plottixl as mean vnhics 
with error bai-s reprcscntinK one standard d^jvia^ 
tion. Tlie C,. v«)uc$ dcxTcasc liiii-arly wjth Increas- 
ing largci quantity. Tlius, c;,. vahu:s be used 
as a quantitative mensuxcmcnt of ilu« input target 
numbe.r. It shoul^ be noted that the amplifica- 
tion plot for the lS.6^nft sample shown In Figure 
IB does not rcflfict tho same fluorescent rate of 
liicrease exhibited by tn^nit of the oiJicr samples. 
'Hie 15.6-ng santple also achieves r.ndpol nt pla- 
teau at a lower fluorescent value than wotilcl he 
cxrKCtcd based on the input PNA. i his phi:tU)Tn- 
enoji has been olTscrved occasionally with otiier 
samples (data not shown) an<l may be aftrilnit- 
able? to lutK cycle inhibition; this hypothesis is 
Sim undiiir investigation. It is important to note 
lhal the flattened slope and early plateau do not 
impact signinc^iiftly the calculatiHl value us 
dcmomlrated by the Hi on Iht* line shown in 
Fij^ure. 1 C All triplicate amplifications ntsulted in 
very similar Cr values— the standard d< 
did not exceed O.sS for any dilution, this experi- 
ment contains a > J 00,000-fold range of input tar- 
gel molecules. Using Cy vahics for quantitation 
permits a much larger assay range than directly 
using total fluorescent emission inlcnsliy for 
, quantitation. The linear range. oi lluorcsccni in- 
tensity measurement of ihc.ABt Trlsni 770(1 <;c- 



mimts: over n very large r;inj»<' of rf^XuMwo 
U\T^,i'\ qtiantlCies. 

Sample Preparation Validation 

Several parameters hjfluencc the (flicli nry i»f 
PC:r amplification: magnesium and sail conceu: 
trattons, fc:»cilon conditions (i.e., tiine »nd lem- 
peruiuro), PCK target size and composition, 
priiiRT sequences, and sample puriry. All of the 
above factors are connnon to a sinjt^lc VC\i assay, 
except sample to .^lampte purity, in an effort to 
validate the. method of sam]3le j)rcparallon for 
the lacior Vill assay, PCRampliiication repr<Kinr- 
ihility and olflclcncy ol JO replicate sample 
]m»|wrations wi*r« exaniirted. Aflftr genomic DNA. 
was prepared from the 10 replicate samples, the 
DNA wasquaiuiiaicd by uJl/£jviolcl spectroscopy. 
Amplillcations were performed analyzing p-aciin 
liuni: content in 100 and 25 nj; of Xoiai genomic 
UNA. Each VCR ampliricatJon was perfomied in 
triplicate. C^ompdiison of C^|- values fur each trip- 
hcate i;iimpie show minimal variatJ(3U l)ased on 
standard deviation and coefilcient of variance 
(iVihie I), rherefore. each ol the triplicate PCM 
amjjlificatioris was highly rcpfOduc:it)le, demon- 
Slratlng that re.al time PCH using this Instrumcn- 
tntlon intrcnluces minimal variation Into thn 
qUiiiMitative. J'CK analysis, C^.nniparison of the 
nicaii Cn values of Die JO replicate sample prepa- 
rations also showed niimmal variability, indicat- 
ing that e;icb sample preparation yielded sijnjiar 
results for p-actin gene quantity. J'he highe,d Cy 
difference between any <if the samples was 
and 0.73 for tiie 1(X) and 25 n^: samples, respec- 
tively. Additionally, the ainpllflcallon of eadi 
sample exhibited an equivalent rati: of nuorc.s> 
ccjii emission inlcnsliy ciiangc per njnouni of 
l>NA target analyzed as indicated by similar 
slopes derived from ihc sample, dliinions (I'jg. 2). 
Any sample containing an excess of a 1*C1( inhibi- 
tor would exhji)it a greater measured 3-aciJn c;,- 
valuc for a given quajiiiiy of DNA. In addition, 
the inhibitor would be diluted along with ihit 
sample in the dilution analysi.N (i-ig, 2), altering 
the expcacd c;,. value change. F.ui:h .sample ani- 
piifiCQtion yielded a similar result in the analysis, 
dcmonslrflting^ tiiat this njethod of sjimple prcpa> 
ration is highly reproducible, with regard to 
sample purity. 

Ouancitaclve Analvsis of a Piasintd After 

7nc« no/ nhd wj «c:i7T 7fin7/cn/7T 
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Ti>bU 1 . Iloprodu<lblllty of Sumplo Prtt|>aratlon MethcMi 



9 
10 

Mean 



100 ng 



Samplo 

no. Ct 



standard 
m^dn deviation 



CV 



18.24 

18.23 

ie.33 

18.33 

1835 

18,-14 

18.3 

18,3 

18.42 

18.15 

18.23 

ia.32 

18.4 

1838 

18.46 

18.54 

18.67 

19 

18.28 

18.36 

18^2 

18.46 

18.7 

18.73 

18.18 

18.34 

18.26 

18.42. 

1837 

18.66 

0 10) 



1«.27 

18.34 
18.23 



18.39 



1 

18.^2 



0.06 
0.06 
0.07 
0.08 



18.42 



18.74 0.21 



0-12 



16.63 0.16 



1B.29 0.1 



0.12 
0.17 



032 

03? 

036 

0.46 

0.23 

1.26 

0.66 

0.83 

0..^i^ 

0.6S 
0,90 



Ct 



20,48 

20.55 

203 

20.61 

20.59 

70.41 

2034 

20.6 

20,49 

20.48 

20.44 

2038 

20.68 

20.87 

20.63 

21,09 

21,04 

21.04 

20.67 

20.73 

20.6S 

20.98 

20.84 

20.75 

20.46 

20.54 

20.48 

20,79 

20.78 

20.62 



25 ng 



standard 
mean deviation 



2031 0.03 

?n.,S4 0.1 1 

20.54 0.06 

20.43 0.05 

20.73 0.1 3 

21.06 0.03 

20.6& 0.04 

20.86 0.12 

20..?1 0.07 

20.73 0,1 

20.66 0,1 9 



CV 

0.17 

0.54 

0,28 

0.26 

0.61 

0.15 

0.2 

0.57 

0..32 

0.t6 
0,94 



(or containiag a parUiil cUNA for hum^n factor 
vni, pl'8TM, A Sicrivs of trfti):ifcctions wjw 50! 
up using a decreasing amount of the plasmid\40, 
4, 0.5, and (>,1 IVrniy-four hours po.sl- 

trtiiMrcction, total DNA w<»3 puriflcd from each 
flask uf Lrlia. p-Avlin ^ruc tju<iuUly wa^ vIiumtji (l^ 
a value foi* normali^-.^lHin of >;cfiuinU'. ONA con- 
VcnrruUoii fivin rrndi ainniple. hi (liis cxpnifiivnt, 
|i-actin gene conicni should rctnain consxani 
reiaiive to roral j^vnoinlc DNA. Klj^uu* :^ shuvvn ihc 
result of the p-actln DNA measurement (100 
total DNA dclcrniined by ultraviolet sptjtrtros- 
copy) of «ac.ii yiiiijple. Kach ^mple was analysed 
ill iflplicate and the mean ji-actin C:^ values of 
the triplicates were plotted (error bars represent 
r^<s>»t<i<ii^ii Ht«%#iuitont "IhM til0ti#*ST iliffrrrnrr 

p T n (Th 



bt*tw<H^n any 1w€> sanijilci moanic was 0.9S C,^ Ten 
nJnograni.s af total DNA uf «ach sample were al«> 
cxaiiilncnl ft>r {.Vactln. lljc results a^um >Ju>wed 
lh«t very jhrular aniount.i <if genomic 1>NA wcr<: 
present; t J u: niaxJnium mean |i actin C"^, value- 
difference wii.s 1.0. As rigurc 3 show.*;, tJ^o r;iic of 
p.actln C,. cliiinKv Ixriwcen the )00 and 10-ng 
sajnplc.*» was slniHur (2;lo|>c voJuo,-; ningc* }>wtw<?on 
3.56 iiiiiJ - 3.45), This verifies again ihni Ihe 
nietho<l of .sample prcporaiion yields saTn^'lo?? of 
idcjiticol ?CR intcgrit-y (i.o-, no sample cont.iinpd 
an excessive amouni uf a VCR Inhibitor). ITow- 
wvcT, t!>esc results indicate thttlciieh sample con 
talned sJllglU diffciences in the aciuAl amount of 
genomic DNA analyvrd. Ueterxni nation of actual 
Benuiiijc t>NA i.onccntrttlion was nccompUshctd 
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Fi^ur«s 2 Sat t iple pf'«p«rdiion purity. 1 he repHc^to 
fiamples shown in Tab(o 1 woro aU:o an^pIiHed ln 
tripicale vising 2S ng of each D^4A sample » The fig* 
ui<£ showa Uie input DNA conccntffllion (TOO Aod 
25 ng) vs. C, In ih*» liQurp. ih<* 100 nnd ^.'S HQ 
pOliUs for «ach ^rnpl« are connected by a Ime. 



l*y ploUing the mean (^-actio O, value obtained 
for «ac»i 1(K>*ilg sainpJs; .i ^»-JClln st.ind»rtl 
i.-ufve (shown In J'Sh- "^Q- ocUial gciionilc 
ONA concent riftloM <>/ c«ch suinpU-., ft, was ob 
tatncd l>y cxtrapolflllon <«> t!iu 

PiKurc 4 A shows tlic mc;isiirg<l (i.ct., ni>4^* 
nOfmQlJ7.cd) c{u<m lilies of /aclor VI)) pla.nmit! 
ONA (pI^lTvt) /mm each ol" tlu; fcmr transient cell 
trHiKsrecttonA. Ench rcaclion contained J 00 rtff <>f 
total 5<tni]>lc UNA <tt3 determined hy UV speetru**- 
copy). VacU sample was unulyzed in trip)jt;tttc 
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Figure 3 Arialysb of Udnifectcd cdl DNA qv4onUty 
and purity- I he DNA preparations of Ihu four 293 
cell transfections (40, 4, 0.5, and 0.1 m-cj of pF8Tf^) 
were analysed for the 0-actln genti. 1 00 and 1 0 ng 
(delcrmined by ultraviolet spectroscopy) of each 
sample were amplified in triplicate. For each 
amount of pF8TM that was transfectcd, the }i-aciln 
Cj values are plotted versus ihe tola! Input DNA 



PC.r< ;iinpHficatiun:c, A.^ shown, plOTM pvirlficd 
jfxoic Jt)e 29:i cells ducreasa<; (moan C, value;; in- 
eur-t^i't; with decreasing amounts uf pla.^mld 
iirttmis*i.tcd. Thw mwi values obtnined for 
pFttTW 'inTlgurc 4A wore plotted ou « standurd 
curve c«»niprl.'4ed of sieilijlly diluted pFHTM, 
shown ,in figure 4R. The quaiiUly uJ pl-KTiM, 
found in each of the four iranKfoellonR w:is de 
tcrmined by extrnpnJaUon to the x ytxh 61 t)iO 
jbiandard ciirve In I'l^jurc 4H. 'HutJic uncorrected 
values, b, for pWJ'M were ]ioriitMliyAi<l to delcr- 
ftitne Uie actual amount uf pl'81^ /oviikI \mat 'iOO 
"K {if ficnomic ONA by u.ihig Ihc equation:. 

f> X 10 (> f ift acuial pl'frnvl topie,^ per 
JJ ^ KX) tjf genomic DNA 

w)iere a actual I'ciiujnic DNA in u .sample and 
U w pRiTM copies /rom the standord curve, 'n>e 
nocmtt]ir.cd ^uanUty of pl>6TM per 100 ng of 5c- 
nomtc ONA for each 0/ The four lran.Vfcction.s Is 
snown ill h'igure 4i). 'Hitvit: roulUk Ahow ilifti the 
Cjunntny of factor VUl plasmiO ii^sovlateU wmIi 
the 293 ceHHi 24 hr after iriiiusfv«.iliuii, di:ij i:.isc.*. 
with dccrcu^ln^ pjHMnu) uintAiiiLiatjoo u.scxl hi 
the tramXct^ion. Tlu: quantity of pi'tJJ'M nwocJ- 
aieo with. 293 cells, after iransfealon v/Uh 40 
of piMsjnid, was 35 PSJKX 100 ng ^^^nuinlc l>NA. 
Tills results In -520 j^lasriiid copies per tell. 



DISCUSSION 

Wo have described a new method for qunniiint- 
jiift gene copy nujnber-s using r<ial'tlnic «nuly.sl.s 
of FCR ampfjfjcatlnns, Real-llmc HCH is compai- 
iblc with cither of the two PCl< (KT-PCR) ap- 

pruacho: (1) quantllcillvc cc>nif>t:iitivt: where an 
IiiteiJiid wiiipclllOf for each target sequence 1^ 
used for nonnalij'^itlon (dalo not shown) or (2) 
qtiantitauve comparative PCH usJiijj » nuimrtliiM- 
tiou j«eue contained withiii the .sample (i.e., (3-ac- 
tiii) or a "housekeeping" gene for RT-PC'K, Ff 
equal amounts of nuclclc add are anaiy/ed for 
each sample and if the ampHficntlun cffitlc/u.y 
before quantitative an«lysl:> l^ tdcniic«nl for ewch 
.sample, the Irirernal coutiiil (nwimalirHition ftune 
or conipetinar) should Rive equal >iKnd)s for all 
samp ICS. 

The real-time PCU method (jffcrs scverjil ad- 
vniitagcs over the oihcr two mclhcKls currently 
cmpioyed (see the Introducljon). Mrsl, the real- 
time PCR method is performed in a doscd-lube 
system and requires no post-rc;K, mjnupalatlon 
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<rtft W"* n^wnfe UNA) 

FlgiirA il Qudntltfltivo ftnolyKu of pFSTM in Iransfcctjcd cctls. (y4^ Amount of 
plasmtd DMA uicd for Ihc UHnsfeciion ptottcd against Uic nnjuri C, value deier- 
f'^^'^^^ remaining ;>>t hr alter irunsfcctlon. (0,C) Siandard curvnj of 
pf-ftlM and /i-i^<:tIr^, respccUvoly. pfSTM DNA <fl) ajid 3ar)oailc f:>NA (Q were 
dllutftd «Arb!ly 1:5 before ^amplification with the opproprlotc prtmeri. TJic f*-actiii 
standard curvo wajf used lo norma I i>c the results of /I to 1 00 r tcj of genomic DNA. 
<0) Tho amount of pPSTM prc^nt per 100 ng of fjenomic DNA. 



of s;km|.>]v. Hicrefnrc, (In* potent laJ for TCR con- 
KimlnatiQiu in the labor^iiory is reduced bccatiNO 
ampliflod product K can fu? ;*n»lyy.od and disposed 
oi witluMit opening thu ru^tctkin ttibe^. Sccv^nd, 
this method suppoilck um: 4>f a utivtiutVyyraihm 
fjcnc (i-c, p-actin) /or quantitalfvc PCR or hou$c- 
keephig genes for cjuiinUtfltlvc RT-PCk controls. 
Analysis Is pcrf<jrincd iu real lime dtiring the Jog 
phase of product Qccumulatlon. Analysli durlnj; 
k»K phuic permits mar^y different gciies (over a 
wide input larRct range) to be anaJy?^ simului- 
nt:uitsly, wJthowt concern of reaching reaction 
plateau at different cyclo, Tlib will muke Jimhl- 
^CTU^ fttialysi5 Wiaya much caMvA \\i cJevclop, be- 
C0U3C individual Intcfncil L(unpctitui> will mil l>e 
nccdcd for coch gene ujider analyala. Tliird, 
ju^inple througiipiit will utt.iea>c Of tiiit«liLciUy 
with the new melliod Ixcau.tc there h no jxwt. 
IX'M proccwing time. Addiliooally, woiking In ix 
^J6-well format is Iti^hly compatible with autt)- 
mat ion lechnolo^. 

The renl-thiie l^R iticUlOd i^ highly reprn. 
dueible. RepUcaie, amplifications can be analysed 



f<ir c^^ch sample niijiiml;filng |>6tcntle»i error. The. 
.sysutifi ;inuw.s u>r a very large uasay dynamic 
ruiifte (approudiin^ 1, 000,000- foUl jitarting tcii- 
got), Ualn^ u Niandard eurve for the target oi hi' 
tcrvM, rcJuTlve copy number values can be elder- 
mined for any unkjiuwn .>ampU*. Hluor«t$ct;ni 
thres])old values, conrJair linearly with rela- 
tive DNA eopy number.?. Heal tune quanillAllvt: 
KT- rc:j< mclhodolfjgy (Cilb.NOJi ct ah, this l.wuft) 
ha,i abobecn d<;vctlo|>cd. J^injilly, real time quaii- 
tifativr I'CU methodology caji be used lu ^IcvcJup 
high-tiirou^hptit jereenljig aaaay.s for ji vnricty of 
applications fquanOtnllve gene CApj^-aaiun (KT- 
rCll), ^^cnc copy naaaya {Itcr^, HlV, etc.)* .gcm> 
typinjj (kttoekout mou^c. analysis), and Imniumi- 

pcnj. 

Rcal-tin)e PCIt in Ay al»c> l>c j>crformcd using 
interenlating dye^ (Hlguchi el uL stieb as 

ciJiJditim bromide. The fluorogenie probe, 
method offers a mafor advantage over intcr- 
ralaUng dyes- greater specificity (i.e., piixner 
ditnvrs and nonsj>«dnc PCR product.s are. noi de- 
tuned). 
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METHODS 

Generation uf 4 Plasnild Containing a Partial 
cDNA for Human Factor Vlll 

TuWl KNA y»n> hurvrMcd (UNAkoI » 't <•» Ten, iuc, 
hnC'i^vv'OOd, TX) frum cxON It^iwfeclwi wUh 4 factor Vlll 

nmn cl al. 1900), A ficlor VHI j>anlal cUNA wpii'tuv wns 
;i(i-tic.rntcd by iW' l»f:It ICJi-ncAnip ia Cl'lll ItNA ITJl Xll 

(part N»OR-OT/y, rE Applut) Uivfsyiicm.s i-osivi ^ISty, <.:A)J 

uslnc, Ihc |>«iu»cfs KHfor mi**! I-Rrc v (prinn-r i;rfiiiniCrt 
arc ahown below), ampHcon w.v fcamplinnl U-MnR 
iiKHlifK'U I'flfof and l^rcv prinwfj (Rpix-mU-d wUh /<«mlll 
And //mcI)Jl rcsl/lcllon 5ltc sequences h» Hk- h' u«u1 
clonal Into jHiKM- 3Z (l*roi"tljo CU^rp,. Mudwou, Wl). The 
fcsulUnKc»onc, (iPSllvf, was uwtt lur transient transrcalon 

Amplification of Target DNA ami Dk:icci|pn of 
Amplicpn Factor VIII Plasmic! DNA 

(pFHTM) was *iinpllfK:U wlih \Uv |Miii)vi& lW«r S'-CXXI- 

(miccAAUAUijxjAtxiicnwa' and j'»rcv 5'-AAA<;<rr- 

(^^OCXn'CKiA'rCfCiTACiCi-.'l'.llm n.*«ciUui pivdii^vtl n 't;(2- 
i'C;k produci. 'J'hc fomiirtl jjriinvr mxh ilv^Ixnvd Ui ivi.* 
ogfilxv u uiilMuv M*tpn*Mii* f«mifd lii (he 5' un(ranslt'n^d 
rc];luii of ihu psiiciu (XJlS2.tKZ5l> pl^MnUI <iiiil ihtucforc 
(Uivs not Ki;«iK«l^*u i**<*^ riiiijillfy ihv Uuuioii fitcKir VHI 
SViK'« Criinofft woro choRon witli \\w ;iv»ty1;t«if<' of I I'M* com. 
|H4lcr program OU^v i«n (Nulimml Uiuxctcnccs^ Inc.* I*ty- 
mouth, MN). The human p-actl« ^,t*^%v w«s»iin(>llfled with 
the prtiuw y-m tif» ftirwofJ jirhiicr .^' TCACCVJ-AClACrcrr 
CCCCATC^y/^CClA'V an<l Ji-aduj luvcrso piimcr A'.(:a<;. 

CGaAACCC:frix:Ai-rc;(x:AAj'GG-3'. The reaction pro- 
ouceo 0 2V5 np vCm pmduci. 

A m pi 1 flea I! on rc;»c lions (SO jJ) coniajiu'tl a DNA 
sample. K)X K'.R Uuffuf n p.!), 200 p-M UAIT, dClT, 
dGTP, and 'lOO h,m dUTl*, M^Cl^,, Units Ampll 
TiHj ONA poiymciasc, 0.5 unit Amprjrnjfc iirflctl N-Rly- 
vuriyluwi- (UNO), ^Opmolv of cAch focloi Vlll jtrtinci, «nd IS 
{.Hiinh* <i( ^tudi p MCtln pdino^ 'I1uf K'scIUmv^ aUo iiunlahiciJ 
one of IhC foMowlnj^ dtMccllnn prnlM«s (KM) hm cnrh); 

i'8iirt.b<- .^'(KAM)Ac:fn'crrc:cu(x:T<;crn'(:'i''iT<:TCT- 

GCCTTCrAMRA)p 3' <iucf P-ntiin probv 5' (TAM)ATC;f.x:c:- 
X(TAMKA)CCCCrJNT{:;CCATC,>.,1' where p indicates 
phnnphorylA(i<)n nnd X Indicotcs a linker ami nucleotide. 
Rcocdon ImIh.'^ wrn.' Wit:rtjAn\p Optical TuIks (part AU/Ti- 
1.HT NkOI OOXX, Pcrldn lUxiu'r) ihat worv frottixl (at JVrkJti 
nimci) lu pn-vt-iil Itjjht /rom /cnccth^g. Tube copb Were 
slmiKtv in MicroAtVtp c:nj>.i iHit Specially dcaiAiicd lo pre- 

YCnl ll^hl SCUltcrnig. AH <il WtO IK'M aniMt4ttl<thU'« WCfO 8U>*- 

iJU'.cl hy Applied lUotfyatems (|5<>aUT CMy, CX) except 
ihr fucttor Vlll priiucrra, whit'h vvcir syoiht^i/rd al Caicn 
icch, Inc. (Soulh C'H*^ Pranclsco, CA). Ptoln-v wrx« do.slj;iu-<l 
ti.dng (lie Olii;r.» 4.0 flnftwore, folk»wln^; giddcilticv kng- 

gcjiieo in mc Mode] 77fK) .sequence i>cti*t'U>r tn,niu«iefil 
inaiiual. hrlcHy, prut^c '!',„ ^)hmiUI Ik* a1 Jcast 5"C' hiftlier 
man rnr aiuu'unnx wmiA'SAUttc u.wl durl/ij; thrrmul cy- 
fhng; primers shovid nut fuun ^l*ll>U• dv«plexe^' with tht- 
probe. 

The thcnn4«l I'ycling cuiidittoivs Included 2 Jid;i »t 
50*'C and 10 min ul 95*C. *nioj-nial cyclin^g procrr<U-d wUh 



reactions were pcrfonned ji» th<' Morlel 77011 Sequence IV- 
tcHior (I'll Apphed UlusyvtvuivK w/hlrh ctMitidiis -a Cen*-- 
Anip W:U Sy&Wm POOa Kfca<:llon wiidition^ wi rr- pif>. 
gniUllttuU oi» J l»i#v*<ir MucintiwU VlOCi (Apple f../.wiM"dOr, 

.Santa Oara, c:A) imKcd dnxtily to the Model V7m Si*. 
c)u«iK\' IXdffClor* Analy**» data wnt; alui iwKootii'd on 
lUv M.»i lnt<>sh eompvitcT. f '.oUoetUm and analycU M>fiwafo 
wi» Ucvvki|wl Ht I'K Appht'd l^lofcy^tunis. 



Tran^fectlon of Cells with Faaor Vlll Conrtruci 

IVjut T\7S naslts of 293 cells (ATa: c:K1. J57:t), n human 
fetol kidney twspen/iian cell Uue, wvrv Hnmn lo fiO% con- 
lluency iftd lran«fc«vd prtfi'M. Cclli wore kkjwii In tlu' 
followltig mcdin: Sim HAM'X ¥\2 without GUT, 50% low* 
(tlucose JXiJlwaNVs niodlflcd Kajjlo mcdiunt (UMliM) with* 
otn filyntiu wiUi sodium bicarbiinatc, 10% ietal Ixtvine 
HTtMii, 2 niM L^jcluidiniJic, And 1% pcnicillin-slrcptomy' 

^In, The media ww cJianjfcd 30 roln bcfi>ro lli<» Ironsfce 
lion. pI'UTM r)NA amounts of 40, 4, OS, and 0.J wvro 
iidited to 1,5 tnl of a soltitlon contalnlnR 0.125 m CmO^- 
and 1 X WiWVS, The four niixhm»!i wi:re left at room tem- 
pcmtwri* f<»t in mill ai%d ihcti su.U\v%\ dw ipwljw- 1<> U»tf cells. 
TJiv n*i>k* ^'i% ;it«..uUitcd at 37"C: and S'X* <'X\ for 24 hf, 
washed with Vl^, n^nl niAuApcnded In PUS. ThO roMiift 
|ft*iidi:d cell* vfcrc divided into »U(|uol» and UNA vt^i 
tracted tnirncdiatdy usiiiR Ihv QIAantp WfHKl Kit CQlajjon. 
U}ttt;imirtl), <.VS). DNA wiis (;]ui<-d Into 200 |»l c<( 20 
Trb-liaol pll».0. 
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ABSTRACT Wnt family members are critical to many 
developmental processes, and components of the Wnt signal- 
ing pathway have been linked tt> tumorigenesis in familial and 
sporadic colon carcinomas. Here we report the identification 
of two genes, WISP-l and WISP'2, that are up-regulated in the 
mouse mammary epithelial cell line C57MG transformed by 
Wnt-1, but not by Wnt-4. Together with a third related gene, 
mSP'3, these proteins defme a subfamily of the connective 
tissue growth factor family. Two distinct systems demon- 
strated WISP induction to be associated with the expression of 
Wnt-1. These included (0 C57MG cells infected with a Wnt-l 
retroviral vector or expressing Wnt-L under the control of a 
tetracyline repressible promoter, and (if) Wnt-1 transgenic 
mice. The WISP'l gene was localized to human chromosome 
8q24.1-8q24.3. WISP-l genomic DNA was amplified in colon 
cancer cell lines and In human colon tumors and its RNA 
overexpressed (2- to > 30-fold) in 84% of the tumors examined 
compared with patient-matched normal mucosa. WJSP'3 
mapped to chromosome 6q22-6q23 and also was overex- 
pressed (4- to > 40-fold) in 63% of the colon tumors analyzed. 
In contrast, WISP'2 mapped to human chromosome 20ql2- 
20ql3 and its DNA was amplified, but RNA expression was 
reduced (2- to >30-fold) in 79% of the tumors. These results 
suggest that the WISP genes may be downstream of Wnt-1 
signaling and that aberrant levels of WISP expression in colon 
cancer may play a role in colon tumorigenesis. 



Wnt-1 is a member of an expanding family of cysteine-rich, 
glycosylated signaling proteins that mediate diverse develop- 
mental processes such as the control of cell proliferation, 
adhesion, cell polarity, and the establishment of cell fates (1, 
2). Wnt-1 originally was identified as an oncogene activated by 
the insertion of mouse mammary tumor virus in virus-induced 
mammary adenocarcinomas (3, 4). Although Wnt-l is not 
expressed in the normal mammary gland, expression of Wnt-1 
in transgenic mice causes mammary tumors (5). 

In mammalian cells, Wnt family members initiate signaling 
by binding to the seven-transmembrane spanning Frizzled 
receptors and recruiting the cytoplasmic protein Dishevelled 
(Dsh) to the cell membrane (1, 2, 6). Dsh then inhibits the 
kinase activity of the normally constitulively active glycogen 
synthase kinase-3p (GSK-3p) resulting in an increase in 
^-catenin levels. Stabilized j3-catenin interacts with the tran- 
scription factor TCF/Lef 1. forming a complex that appears in 
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the nucleus and binds TCF/Lefl target DNA elements to 
activate transcription (7, 8). Other experiments suggest that 
the adenomatous polyposis coli (A PC) tumor suppressor gene 
also plays an important role in Wnt signaling by regulating 
j3-catenin levels (9). A PC is phosphorylated by GSK-3j3, binds 
to ^-catenin, and facilitates its degradation. Mutations in 
either APC or /3-catenin have been associated with colon 
carcinomas and melanomas, suggesting these mutations con- 
tribute to the development of these types of cancer, implicating 
the Wnt pathway in tumorigenesis (1). 

Although miich has been learned about the Wnt signaling 
pathway over the past several years, only a few of the tran- 
scriptionally activated downstream components activated by 
Wnt have been characterized. Those that have been described 
cannot account for all of the diverse functions attributed to 
Wnt signaling. Among the candidate Wnt target genes are 
those encoding the nodal-related 3 gene, Xnr3, a member of 
the transforming growth factor (TGF)-/3 superfamily, and the 
homeobox genes, engrailed, goosecoid, twin {Xtwn)y andsiamois 
(2). A recent report also identifies c-myc as a target gene of the 
Wnt signaling pathway (10). 

To identify additional downstream genes in the Wnt signal- 
ing pathway that are relevant to the transformed cell pheno- 
type, we used a PCR-based cDNA subtraction strategy, sup- 
pression subtractive hybridization (SISH) (11), using RNA 
isolated from C57MG mouse mammary epithelial cells and 
C57MG cells stably transformed by a Wnt-1 retrovirus. Over- 
expression of Wnt-1 in this cell line is sufficient to induce a 
partially transformed phenotype, characterized by elongated 
and refractile cells that lose contact inhibition and form a 
multilayered array (12, 13). We reasoned that genes differen- 
tially expressed between these two cell lines might contribute 
to the transformed phenotype, 

in this paper, we describe the cloning and characterization 
of two genes up-regulated in Wnt-1 transformed cells, WlSP-1 
and WISP'2, and a third related gene, WISP-S. The ^KOT genes 
are members of the CCN family of growth factors, which 
includes connective tissue growth factor (CTGF), Cyr61, and 
nov, a family not previously linked to Wnt signaling. 

MATERIALS AND METHODS 

SSH. SSH was performed by using the PCR-Select cDNA 
. Subtraction Kit (CLONTECH). Tester double-stranded 

Abbreviations: TGF, transforming growth factor, CTGF, connective 
tissue growth factor; SSH, suppression subtractive hybridization; 
VWC, von Willebrand factor type C module. 
Data deposition: The sequences reported in this paper have been 
deposited in the Genbank database (accession nos. AF100777, 
AF100778. AF100779, AF100780. and AF100781). 
tTo whom reprint requests should be addressed, e-mail: diane@gene. 
com. 
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cDNA was synthesized from 2 ^lg of poIy(A)^ RNA isolated 
from the C57MG/Wnt-1 cell line and driver cDNA from 2 /ig 
of poly(A)"^ RNA from the parent C57MG cells. The sub- 
tracted cDNA library was subcloned into a pGEM-T vector for 
further analysis. 

cDNA Library Screening. Clones encoding full-length 
mouse iVISP'l were isolated by screening a AgtlO mouse 
embryo cDNA library (CLONTECH) with a 70-bp probe from 
the original partial clone 568 sequence corresponding to amino 
acids 128-169. Clones encoding full-length human mSP-l 
were isolated by screening AgtlO lung and fetal kidney cDNA 
libraries with the same probe at low stringency. Clones en- 
. coding full-length mouse and human WISP'2 were isolated by 
screening a C57MG/Wnt-1 or human fetal lung cDNA library 
with a probe corresponding to nucleotides 1463-1512. Full- 
length cDNAs encoding lVISP-3 were cloned from human 
bone marrow and fetal kidney libraries. 

Expression of Human WISP RNA. PCR amplification of 
first-strand cDNA was performed with human Multiple Tissue 
cDNA panels (CLONTECH) and 300 /iM of each dNTP at 
94^C for 1 sec, 62°C for 30 sec, 72X for 1 min, for 22-32 cycles. 
WISP and glyceraldehyde-3-phosphate dehydrogenase primer 
sequences are available on request. 

In Situ Hybridization. ^^P-labeled sense and antisense ribo- 
probes were transcribed from an 897-bp PCR product corre- 
sponding to nucleotides 601-1440 of mouse WISP-1 or a 
294-bp PCR product corresponding to nucleotides 82-375 of 
mouse WISP-2. All tissues were processed as described (40). 

Radiation Hybrid Mapping. Genomic DNA from each 
hybrid in the Stanford G3 and Genebridge4 Radiation Hybrid 
Panels (Research Genetics, Huntsvilie, AL) and human and 
hamster control DNAs were PCR-amplified, and the results , 
were submitted to the Stanford or Massachusetts Institute of 
Technology web servers. 

Cell Lines, Tumors, and Mucosa Specimens. Tissue speci- 
mens were obtained from the Department of Pathology (Uni- 
versity of Pittsburgh) for patients undergoing colon resection 
and from the University of Leeds, United Kingdom. Genomic 
DNA was isolated (Qiagen) from the pooled blood of 10 
normal human donors, surgical specimens, and the following 
ATCC human cell lines: SW480, COLO 320DM, HT-29, 
WiDr, and SW403 (colon adenocarcinomas), SW620 (lymph 
node metastasis, colon adenocarcinoma), HCT 116 (colon 
carcinoma), SK-CO-1 (colon adenocarcinoma, ascites), and 
HM7 (a variant of ATCC colon adenocarcinoma cell line LS 
174T). DNA concentration was determined by using Hoechst 
dye 33258 intercalation f luorimetry. Total RNA was prepared 
by homogenization in 7 M GuSCN followed by centrifugation 
over CsCl cushions or prepared by using RNAzol. 

Gene Amplification and RNA Expression Analysis. Relative 
gene amplification and RNA expression of WlSPs and c-m>'c in 
the cell lines, colorectal tumors, and normal mucosa were 
determined by quantitative PCR. Gene-specific primers and 
fluorogenic probes (sequences available on request) were 
designed and used to amplify and quantitate the genes. The 
relative gene copy number was derived by using the formula 
2('ict) where ACt represents the difference in amplification 
cycles required to detect the WISP genes in peripheral blood 
lymphocyte DNA compared with colon tumor DNA or colon 
tumor RNA compared with normal mucosal RNA. The 
d-method was used for calculation of the SE of the gene copy 
number or RNA expression level. The W^/5P-specific signal was 
normalized to that of the glyceraldehyde-3-phosphate dehy- 
drogenase housekeeping gene. All TaqMan assay reagents 
were obtained from Perkin-Elmer Applied Biosystems. 

RESULTS 

Isolation of WISP-I and WISP-2 by SSH. To identify Wnt- 
1-inducible genes, we used the technique of SSH using the 



mouse mammary epithelial cell line C57MG and C57MG cells 
that stably express Wnt-1 (11). Candidate differentially ex- 
pressed cDNAs (1,384 total) were sequenced. Thirty-nine 
percent of the sequences matched known genes or homo- 
iogues, 32% matched expressed sequence tags, and 29% had 
no match. To confirm that the transcript was differentially 
expressed, semiquantitative reverse transcription-PCR and 
Northern analysis were performed by using mRNA from the 
C57MG and C57MG/ Wnt-1 cells. 

Two of the cDNAs, WISP-I and WISP'2, were differentially 
expressed, being induced in the C57MG/Wnt-1 cell line, but 
not in the parent C57MG cells or C57MG cells ovcrexpressing 
Wnt-4 (Fig. 1 A and fl). Wnt-4, unlike Wni-1, does not induce 
the morphological transformation of C57MG cells and has no 
effect on P-catenin levels (13, 14). Expression of WISP-l was 
up-regulated approximately 3-fold in the C57MG/Wnt-1 cell 
line and WISP-2 by approximately 5-fold by both Northern 
analysis and reverse transcription-PCR. 

An independent, but similar, system was used to examine 
WISP expression after Wnt-1 induction. C57MG cells express- 
ing the Wnt'l gene under the control of a tetracycline- 
repressible promoter produce low amounts of Wnt-1 in the 
repressed state but show a strong induction of Wnt-I mRNA 
and protein within 24 hr after tetracycline removal (8). The 
levels of Wnt-1 and WISP RNA isolated from these cells at 
various limes after tetracycline removal were assessed by 
quantitative PCR. Strong induction of Wnt-1 mRNA was seen 
as early as 10 hr after tetracycline removal. Induction of WISP 
mRNA (2- to 6-fold) was seen at 48 and 72 hr (data not shown). 
These data support our previous observations that show that 
WISP induction is correlated with Wnt-1 expression. Because 
the induction is slow, occurring after approximately 48 hr, the 
induction of WISPs may be an indirect response to Wnt-1 
signaling. 

cDNA clones of human WISP-1 were isolated and the 
sequence compared vyith mouse WISP-1. The cDNA sequences 
of mouse and human WISP-1 were 1,766 and 2,830 bp in length, 
respectively, and encode proteins of 367 aa, with predicted 
relative molecular masses of =*'40,000 (M^ 40 K). Both have 
hydrophobic N-terminal signal sequences, 38 conserved cys- 
teine residues, and four potential N-linked glycosylation sites 
and are 84% identical (Fig. 24). 

Full-length cDNA clones of mouse and human WISP-2 were 
1,734 and 1,293 bp in length, respectively, and encode proteins 
of 251 and 250 aa, respectively, with predicted relative molec- 
ular masses of 27,000 (Mr 27 K) (Fig. 2B). Mouse and human 
WISP-2 are 73% identical. Human WlSP-2 has no potential 
N-linked glycosylation sites, and mouse WISP-2 has one at 

C57MQ 
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WJSP-1 
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Fig. I. and WJSP-2 are induced by Wnt-I, but not Wnt-4, 

expression in C57MG cells. Northern analysis of WJSP-l {A) and 
lVISP-2 (B) expression in C57MG, C57MG/Wnt-U and C57MG/ 
Wnt-4 cells. Poly(A)+ RNA (2 ^g) was subjected to Northern blot 
analysis and hybridized with a 70-bp mouse W75P-7-specific probe 
(amino acids 278-300) or a 190-bp W75/'-2-speciric probe (nucleotides 
1438-1627) in the 3' untranslated region. Blots were rehybridized with 
human /3-actin probe. 
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Fig. 2. Encoded amino acid sequence alignment of mouse and 
human WISP-l {A) and mouse and human WISP-2 (B). The potential 
signal sequence, insulin-like growth factor-binding protein (IGF-BP), 
VWC, thrombospondin (TSP). and C-terminal (CT) domains arc 
underlined. 

position 197. WISP'2 has 28 cysteine residues that are con- 
served among the 38 cysteines found in WISP-L 

Identification of WISP'3, To search for related proteins, we 
screened expressed sequence tag (EST) databases with the 
WISP-1 protein sequence and identified several ESTs as 
potentially related sequences. We identified a homologous 
protein that we have called WISP-3. A full-length human 
WISP-3 cDN A of 1,371 bp was isolated corresponding to those 
ESTs that encode a 354-aa protein with a predicted molecular 
mass of 39,293. WISP-3 has two potential N-linked glycosyl- 
ation sites and 36 cysteine residues. An alignment of the three 
' human WISP proteins shows that WISP-1 and WlSP-3 are the 
most similar (42% identity), whereas WISP-2 has 37% identity 
with WISP-1 and 32% identity with WISP-3 (Fig. 14). 

mSPs Are Homologous to the CTGF Family of Proteins. 
Human WISP-l, WISP'2, and WISPS are novel sequences; 
however, mouse WISP- 1 is the same as the recently identified 
Elml gene. Elml is expressed in low, but not high, metastatic 
mouse melanoma cells, and suppresses the in vivo growth and 
metastatic potential of K-1735 mouse melanoma cells (15). 
Human and mouse WISP'2 are homologous to the recently 
described rat gene, rCop-I (16), Significant homology (36- 
44%) was seen to the CCN family of growth factors. This family 
includes three members, CTGF, Cyr61, and the protoonco- 
gene nov. CTGF is a chemotactic and mitogenic factor for 
fibroblasts that is implicated in wound healing and fibrotic 
disorders and is induced by TGF-P (17). Cyr61 is an extracel- 
lular matrix signaling molecule that promotes cell adhesion, 
proliferation, migration, angiogenesis, and tumor growth (18, 
19). nov (nephroblastoma overexpressed) is an immediate 
early gene associated with quiescence and found altered in 
Wilms tumors (20). The proteins of the CCN family share 
functional, but not sequence, . similarity to Wnt-1. All are 
secreted, cysteine-rich heparin binding glycoproteins that as- 
sociate with the cell surface and extracellular matrbc. 

WISP proteins exhibit the modular architecture of the CCN 
family, characterized by four conserved cysteine-rich domains 
(Fig. 3B) (21). The N-terminal domain, which includes the first 
12 cysteine residues, contains a consensus sequence (GCGC- 
CXXC) conserved in most insulin-like growth factor (IGF)- 
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Fic, 3. (A) Encoded amino acid sequence alignment of human 
WISPs. The cysteine residues of WISP-1 and WISP-2 that are not 
present in WISP-3 are indicated with a dot. (fl) Schematic represen- 
tation of the WISP proteins showing the domain structure and cysteine 
residues (vertical lines). The four cysteine residues in the VWC domain 
that are absent in WISP-3 are indicated with a dot. (C) Expression of 
WISP mRNA in human tissues. PGR was performed on human 
multiple-tissue cDNA panels (CLONTECH) from the indicated adult 
and fetal tissues. 

binding proteins (BP). This sequence is conserved in WISP-2 
and WISP-3, whereas WISP-1 has a glutamine in the third 
position instead of a glycine. CTGF recently has been shown 
to specifically bind IGF (22) and a truncated nov protein 
lacking the IGF-BP domain is oncogenic (23). The von Wil- 
lebrand factor type C module (VWC), also found in certain 
collagens and mucins, covers the next 10 cysteine residues, and 
is thought to participate in protein complex formation and 
oligomerization (24). The VWC domain of WISP-3 differs 
from all CCN family members described previously, in that it 
contains only six of the 10 cysteine residues (Fig, 3^4 and B). 
A short variable region follows the VWC domain. The third 
module, the thrombospondin (TSP) domain is involved in 
binding to sulfated glycoconjugates and contains six cysteine 
residues and a conserved WSxCSxxCG motif first identified in 
thrombospondin (25). The C-terminal (CT) module contain- 
ing the remaining 10 cysteines is thought to be involved in 
dimerization and receptor binding (26). The CT domain ts 
present in all CCN family members described to date but is 
absent in WISP-2 (Fig. 3 A and B). The existence of a putative 
signal sequence and the absence of a transmembrane domain 
suggest that WISPs are secreted proteins, an observation 
supported by an analysis of their expression and secretion from 
mammalian cell and baculovirus cultures (data not shown). 

Expression of WISP mRNA in Human Tissues. Tissue- 
specific expression of human WISPs was characterized by PCR 
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analysis on adult and fetal multiple tissue cDNA panels. 
WISP-l expression was seen in the adult heart, kidney, lung, 
pancreas, placenta, ovary, small intestine, and spleen (Fig. 3C). 
Little or no expression was detected in the brain, liver, skeletal 
muscle, colon, peripheral blood leukocytes, prostate, testis, or 
thymus. WlSP-2 had a more restricted tissue expression and 
was detected in adult skeletal muscle, colon, ovary, and fetal 
lung. Predominant expression of WISP-3 was seen in adult 
kidney and testis and fetal kidney. Lower levels of WISPS 
expression were detected in placenta, ovary, prostate, and 
small intestine. 

In Situ Localization of WISP- 1 and WISP'2. Expression of 
WlSP'l aiid WlSP-2 was assessed by in situ hybridization in 
mammary tumors from Wnt-1 transgenic mice. Strong expres- 
sion of WlSP'l was observed in stromal fibroblasts lying within 
the fibrovascular tumor stroma (Fig. 4 A-D). However, low- 
level WISP-1 expression also was observed focally within tumor 
cells (data not shown). No expression was observed in normal 
breast. Like WISP- 1, WiSP-2 expression also was seen in the 
tumor stroma in breast tumors from Wnt-1 transgenic animals 
(Fig. 4 E-H), However, WISP-2 expression in the stroma was 
in spindle-shaped cells adjacent to capillary vessels, whereas 




Fig. 4. {A, C, £, and G) Representative hematoxylin/eosin-stained 
images from breast tumors in Wnt-I transgenic mice. The correspond- 
ing dark-field images showing WISP- 1 expression are shown in B and 
D. The tumor is a moderately well-differentiated adenocarcinoma 
showing evidence of adenoid cystic change. At low power [A and B), 
expression of WlSP-1 is seen in the delicate branching fibrovascular 
tumor stroma (arrowhead). At higher magnification, expression is seen 
in the stromal(s) fibroblasts (C and O), and tumor cells are negative. 
Focal expression of WISP- 1 y however, was observed in tumor cells in 
some areas. Images of \VISP-2 expression are shown in E-H. At low 
power (£ and F), expression of WISP-2 is seen in cells lying within the 
fibrovascular tumor stroma. At higher magnification, these cells 
appeared to be adjacent to capillary vessels whereas tumor cells are 
negative (G and H). 



the predominant cell type expressing WISP-l was the stromal 
fibroblasts. 

Chromosome Localization of the WISP Genes. The chro- 
mosomal location of the human WISP genes was determined 
by radiation hybrid mapping panels. WISP-l is approximately 
3.48 cR from the meiotic marker AFM259xc5 [logarithm of 
odds (lod) score 16.31] on chromosome 8q24.1 to 8q24.3, in the 
same region as the human locus of the novH family member 
(27) and roughly 4 Mbs distal to c-myc (28). Preliminary fine 
mapping indicates that WISP-I is located near D8S1712 STS, 
WISP-2 is linked to the marker SHGC-33922 (lod = 1,000) on 
chromosome 20ql2-20ql3.1. Human WISP-3 mapped to chro- 
mosome 6q22-6q23 and is linked to the marker AFM21l2e5 
(lod = 1,000), WISP-3 is approximately 18 Mbs proximal to 
CTGF and 23 Mbs proximal to the human cellular oncogene 
A/yfi (27, 29). 

Amplification and Aberrant Expression aiWISPs in Human 
Colon Tumors. Amplification of protooncogenes is seen in 
many human tumors and has etiological and prognostic sig- 
nificance. For example, in a variety of tumor types, c-myc. 
amplification has been associated with malignant progression 
and poor prognosis (30). Because WISP- 1 resides in the same 
general chromosomal location (8q24) as c-myc, we asked 
whether it was a target of gene amplification, and, if so, 
whether this amplification was independent of the c-myc locus. 
Genomic DNA from human colon cancer cell lines was 
, assessed by quantitative PGR and Southern blot analysis. (Fig. 
5 A and B). Both methods detected similar degrees of WISP-I 
amplification. Most cell lines showed significant (2- to 4-fold) 
amplification, with the HT-29 and WiDr cell lines demonstrat- 
ing an 8-fold increase. Significantly, the pattern of amplifica- 
tion observed did not correlate with that observed for c-myc, 
indicating that the c-myc gene is not part of the amplicon that 
involves the WISP-l locus. 

We next examined whether the WISP genes were amplified 
in a panel of 25 primary human colon adenocarcinomas. The 
relative WISP gene copy number in each colon tumor DNA 
was compared with pooled normal DNA from 10 donors by 
quantitative PGR (Fig. 6). The copy number of WISP-l and 
WISP-2 was significantly greater than one, approximately 
2-fold for WISP-l in about 60% of the tumors and 2- to 4-fold 
for WlSP-2 in 92% of the tumors {P < 0.001 for each). The 
copy number for WISP-3 was indistinguishable from one {P = 
0.166), In addition, the copy number of WISP-2 was signifi- 
cantly higher than that of WISP-l (P < 0.001). 

The levels of WISP transcripts in RNA isolated from 19 
adenocarcinomas and their matched normal mucosa were 




FiG. 5, Amplification of WISP-l genomic DNA in colon cancer cell 
lines. (A) Amplification in cell line DNA was determined by quanti* 
tative PCR. (B) Southern blots containing genomic DNA (10 ^g) 
digested with EcoRl (WISP-l) or Xba\ (c-myc) were hybridized with 
a 100-bp human WISP-I probe (amino acids 186-219) or a human 
c-m>'C probe (located at bp 1901-2000). The WJSP and myc genes are 
detected in normal human genomic DNA after a longer film exposure. 
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Fic. 6. Genomic amplification of WISP genes in human colon 
tumors. The relative gene copy number of the WISP genes in 25 
adenocarcinomas was assayed by quantitative PGR, by comparing 
DNA from primary human tumors with pooled DNA from 10 healthy 
donors. The data are means ± SEM from one experiment done in 
triplicate. The experiment was repeated at least three times. 

assessed by quantitative PGR (Fig. 7). The level of mSP-I 
RNA present in tumor tissue varied but was significantly 
increased (2- to >25-fold) in 84% (16/19) of the human colon 
tumors examined compared with normal adjacent mucosa. 
Four of 19 tumors showed greater than 10-fold overexpression. 
In contrast, in 79% (15/19) of the tumors examined, IVISP'2 
RNA expression was significantly lower in the tumor than the 
mucosa. Similar to WISP-I, WISPS RNA was overexpressed in 
63% (12/19) of the colon tumors compared with the normal 
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Fig. 7. WISP RNA expression in primary human colon tumors 
relative to expression in normal mucosa from the same patient 
Expression of WISP mRNA in 19 adenocarcinomas was assayed by 
quantitative PGR. The Dukes stage of the tumor is listed under the 
sample number. The data are means ± SEM from one experiment 
done in triplicate. The experiment was repeated at least twice. 



mucosa. The amount of overexpression of WISP-3 ranged from 
4- to >40-fold. 



DISCUSSION 

One approach to understanding the molecular basis of cancer 
is to identify differences in gene expression between cancer 
cells and normal cells. Strategies based on assumptions that 
steady-state mRNA levels will differ between normal and' 
malignant cells have been used to clone differentially ex- 
pressed genes (31). We have used a PCR-based selection 
strategy, SSH, to identify genes selectively expressed in 
C57MG mouse mammary epithelial cells transformed by 
Wnt-1. 

Three of the genes isolated, WISP-l, WISP'2, and WISP-S, 
are members of the CCN family of growth factors, which 
includes CTGF, Cyr61, and nov^ a family not previously linked 
to Wnt signaling. 

Two independent experimental systems demonstrated that 
WISP induction was associated with the expression of Wnt-L 
The first was C57MG cells infected with a Wnt-1 retroviral 
vector or C57MG cells expressing Wnt-1 under the control of 
a tetracyline-repressible promoter, and the second was in 
Wnt-1 transgenic mice, where breast tissue expresses Wnt-1, 
whereas normal breast tissue does not. No WISP RNA expres- 
sion was detected in mammary tumors induced by polyoma 
virus middle T antigen (data not shown). These data suggest 
a link between Wnt-1 and WISPs in that in these two situations, 
WISP induction was correlated with Wnt-1 expression. 

It is not clear whether the WISPs are directly or indirectly 
induced by the downstream components of the Wnt-1 signaling 
pathway (i.e., p-catenin-TCF-l/Lefl). The increased levels of 
WISP RNA were measured in Wnt-l-transformed cells, hours 
or days after Wnt-1 transformation. Thus, WISP expression 
could result from Wnt-1 signaling directly through /3-catenin 
transcription factor regulation or alternatively through Wnt-1 
signaling turning on a transcription factor, which in turn 
regulates WISPs. 

The WISPs define an additional subfamily of the CCN family 
of growth factors. One striking difference observed in the 
protein sequence of WISP-2 is the absence of a CT domain, 
which is present in CTGF, Cyr61, nov, WISP-1, and WlSP-3. 
This domain is thought to be involved in receptor binding and 
dimerization. Growth factors, such as TGF-^, platelet-derived 
growth factor, and nerve growth factor, which contain a cystine 
knot motif exist as dimers (32). It is tempting to speculate that 
WlSP-1 and WISP-3 may exist as dimers, whereas WISP-2 
exists as a monomer. If the CT domain is also important for 
receptor binding, WISP-2 may bind its receptor through a 
different region of the molecule than the other CCN family 
members. No specific receptors have been identified for CTGF 
or nov. A recent report has shown that integrin ayjSa serves as 
an adhesion receptor for Cyr61 (33). 

The strong expression of WISP-l and WISP-2 in cells lying 
within the fibrovascular tumor stroma in breast tumors from 
Wnt-1 transgenic animals is consistent with previous obser- 
vations that transcripts for the related CTGF gene are pri- 
marily expressed in the fibrous stroma of mammary tumors 
(34). Epithelial cells are thought to control the proliferation of 
connective tissue stroma in mammary tumors by a cascade of 
growth factor signals similar to that controlling connective 
- tissue formation during wound repair. It has been proposed 
that mammary tumor cells or inflammatory cells at the tumor 
interstitial interface secrete TGF-/31, which is the stimulus for 
stromal proliferation (34). TGF-/31 is secreted by a large 
percentage of malignant breast tumors and may be one of the 
growth factors that stimulates the production of CTGF and 
WISPs in the stroma. 

It was of interest that WISP-l and WISP-2 expression was 
observed in the stromal cells that surrounded the tumor cells 
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(epithelial cells) in the Wnt-1 transgenic mouse sections of 
breast tissue. This finding suggests that paracrine signaling 
could occur in which the stromal cells could supply WISP-1 and 
WISP-2 to regulate tumor cell growth on the WISP extracel- 
lular matrix. Stromal cell-derived factors in the extracellular 
matrix have been postulated to play a role in tumor cell 
migration and proliferation (35). The localization of WISP-l 
and WISP'2 in the stromal cells of breast tumors supports this 
paracrine model. 

An analysis of WISP-l gene amplification and expression in 
human colon tumors showed a correlation between DNA 
amplification and overexpression, whereas ovcrexpression of 
WlSP-3 RNA was seen in the absence of DNA amplification. 
In contrast, WISP-2 DNA was amplified in the colon tumors, 
but its mRNA expression was significantly reduced in the 
majority of tumors compared with the expression in normal 
colonic mucosa from the same patient. The gene for human 
WlSP-'2 was localized to chromosome 20ql2-20ql3, at a region 
frequently amplified and associated with poor prognosis in 
node negative breast cancer and many colon cancers, suggest- 
ing the existence of one or more oncogenes at this locus 
(36-38). Because the center of the 20ql3 ampHcon has not yet 
been identified, it is possible that the apparent amplification 
observed for WISP'2 may be caused by another gene in this 
amplicon. 

A recent manuscript on rCop-I, the rat orthologue of 
WlSP-2, describes the loss of expression of this gene after cell 
transformation, suggesting it may be a negative regulator of 
growth in cell lines (16). Although the mechanism by which 
WlSP-2 RNA expression is down-regulated during malignant 
transformation is unknown, the reduced expression of WISP'2 
in colon tumors and cell lines suggests that it may function as 
a tumor suppressor. These results show that the WISP genes 
are aberrantly expressed in colon cancer and suggest that their 
altered expression may confer selective growth advantage to 
the tumor. 

Members of the Wnt signaling pathway have been impli- 
cated in the pathogenesis of colon cancer, breast cancer, and 
melanoma, including the tumor suppressor gene adenomatous 
polyposis coli and /3-catenin (39), Mutations in specific regions 
of either gene can cause the stabilization and accumulation of 
cytoplasmic j3-catenin, which presumably contributes to hu- 
man carcinogenesis through the activation of target genes such 
as the WISPs. Although the mechanism by which Wnt-1 
transforms ceils and induces tumorigenesis is unknown, the 
identification of WISPs as genes that may be regulated down- 
stream of Wnt-1 in C57MG cells suggests they could be 
important mediators of Wnt-1 transformation. The amplifica- 
tion and altered expression patterns of the WISPs in human 
colon tumors may indicate an important role for these genes 
in tumor development. . 
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methods. Peptides AENKor AEQKw?re dissolved in water, made isotonic with 
NaCI and diluted into RPMI growth medium. T-cell-proliferation assays were 
done essentially as described**". Briefly, after antigen puking (30jigmr' 
TTCF) with tetrapeptides {l-2mgml"'). PBMCs or EBV-B cells were 
washed in PBS and fixed for 45 s in 0.05% glutaraldehyde. Glycine was added 
to a final concentration of 0.1 M and the cells were washed five times in RPMI 
1640 medium containing 1% PCS before co-culture with T-cell clones in 
round-bottom 96-well microtiue plates. After 48 h, the cultures were pulsed 
with 1 M-Ci of 'H-thymidine and harvested for scintillation counting 16 h later, 
Predigesiion of native TTCF was done by incubating 200 p^g TTCF with 0.25 ^ig 
pig kidney legumain in 500 jil 50 mM citrate buffer, pH 5.5, for 1 h at 37 'C. 
Glycopeptide digestions. The peptides HIDNEEDl, HIDN(N-glucosamine) 
EEDI and HIDNESDI. which are based on the TTCF sequence, and 
QQQHLFGSNVTDCSGNFCLFR(KKK), which is based on human transferrin, 
were obtained by custom synthesis. The three C-tcrminal lysine residues were 
added to the natural sequence to aid solubility. The transferrin glycopeptide 
QQQHLFGSNVTDCSGNFCLFR was prepared by tryptic (Promega) digestion 
of 5mg reduced, carboxy-methylated human transferrin followed by 
Goncanavalin A chromatography". Clycopeptides corresponding to residues 
622-642 and 421-452 were isolated by reverse-phase HPLC and identified by 
mass spectrometry and N-terminal sequencing. The lyophilized transferrin- 
derived peptides were redissolved in 50 mM sodium acetate, pH 5.5, 10 mM 
dithiothreitol, 20% methanol. Digestions were performed for 3 h at 30 *C with 
5-50 mU ml"' pig kidney legumain or B-cell AEP. Products were analysed by 
HPLC or MALDI-TOF mass spectrometry using a matrix of lOmgmr' a- 
cyanocinnamic acid in 50% acetonitrile/0.l% TFA and a PerSeptive Biosystems 
Elite STR mass spectrometer set to linear or reflector mode. Internal standar- 
dization was obtained with a matrix ion of 568.13 mass units. 
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Fas ligand (FasL) is produced by activated T cells and natural 
killer cells and it induces apoptosis (programmed cell death) in 
target cells through the death receptor Fas/Apol/CD95 (ref. 1). 
One important role of FasL and Fas is to mediate immune- 
cytotoxic killing of cells that are potentially harmful to the 
organism, such as virus -infected or tumour cells*. Here we 
report the discovery of a soluble decoy receptor, termed decoy 
receptor 3 (DcR3), that binds to FasL and inhibits FasL-induced 
apoptosis. The DcR3 gene was amplified in about half of 35 
primary lung and colon tumours studied, and DcR3 messenger 
RNA was expressed in malignant tissue. Thus, certain tumours 
may escape FasL-dependent inunune-cytotoxic attack by expres- 
sing a decoy receptor that blocks FasL 

By searching expressed sequence lag (EST) databases, we identi- 
fied a set of related ESTs that showed homology to the tumour 
necrosis factor (TNF) receptor (TNFR) gene superfamily^. Using 
the overlapping sequence, we isolated a previously unknown full- 
length complementary DNA from human fetal lung. We named the 
protein encoded by this cDNA decoy receptor 3 (DcR3). The cDNA 
encodes a 300-amino-acid polypeptide that resembles members of 
the TNFR family (Fig. la): the amino terminus contains a leader 
sequence, which is followed by four tandem cysteine-rich domains 
(CRDs), Like one other TNFR homologue, osteoprotegerin (OPG)^ 
DcR3 lacks an apparent transmembrane sequence, which indicates 
that it may be a secreted, rather than a membrane-asscociated, 
molecule. We expressed a recombinant, histidine- tagged form of 
DcR3 in mammalian cells; DcR3 was secreted into the cell culture 
medium, and migrated on polyacrylamide gels as a protein of 
relative molecular mass 35,000 (data not shown), DcR3 shares 
sequence identity in particular with OPG (31%) and TNFR2 
(29%). and has relatively less homology with Fas (17%). All of 
the cysteines in the four CRDs of DcR3 and OPG are conserved; 
however, the carboxy- terminal portion of DcR3 is 101 residues 
shorter. 

We analysed expression of DcR3 mRNA in human tissues by 
northern blotting (Fig. lb). We delected a predominant l.2-kilobase 
transcript in fetal lung, brain, and liver, and in adult spleen, colon 
and lung. In addition, we observed relatively high DcR3 mRNA 
expression in the human colon carcinoma cell line SW480. 

To investigate potential ligand interactions of DcR3, we generated 
a recombinant, Fc-tagged DcR3 protein. We tested binding of 
DcR3~Fc to human 293 cells transfected with individual TNF- 
family ligands, which are expressed as type 2 transmembrane 
proteins (these transmembrane proteins have their N termini in 
the cytosol). DcR3-Fc showed a significant increase in binding to 
cells transfected with FasL" (Fig. 2a), but not to cells transfected with 
TNF^, Apo2L/TRAIL*'', Apo3LmVEAK''', or OPGL/TRANCE/ 
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RANKL""'' (data not shown). DcR3-Fc immunoprecipitated shed 
FasL from FasL-transfected 293 cells (Fig. 2b) and purified soluble 
FasL (Fig. 2c), as did the Fc-tagged ectodomain of Fas but not 
TNFRl. Gel-filtration chromatography showed that DcR3-Fc and 
soluble FasL formed a stable complex (Fig. 2d). Equilibrium 
analysis indicated that DcR3-Fc and Fas-Fc bound to soluble 
FasL with a comparable affinity (K^ = 0.8 ± 0.2 and 
l.l±0.lnM, respectively; Fig. 2e), and that DcR3-Fc could 
block nearly all of the binding of soluble FasL to Fas-Fc (Fig. 2e, 
inset). Thus, DcR3 competes with Fas for binding to FasL. 

To determine whether binding of DcR3 inhibits FasL activity, we 
tested the effect of DcR3-Fc on apoptosis induction by soluble 
FasL in Jurkat T leukaemia cells, which express Fas (Fig. 3a). DcR3- 
Fc and Fas-Fc blocked soluble- FasL-induced apoptosis in a 
similar dose-dependent manner, with half-maximal inhibition at 
—0.1 ixgml"'. Time-course analysis showed that the inhibition did 
not merely delay cell death, but rather persisted for at least 24 hours 
(Fig. 3b). We also tested the effect of DcR3-Fc on activation- 
induced cell death (AICD) of mature T lymphocytes, a FasL- 
dependent process'. Consistent with previous results' ^ activation 
of interleukin-2 -stimulated CD4-positive T cells with anti-CD3 
antibody increased the level of apoptosis twofold, and Fas-Fc 
blocked this effect substantially (Fig. 3c); DcR3-Fc blocked the 




induction of apoptosis to a similar extent. Thus, DcR3 binding 
blocks apoptosis induction by FasL. 

FasL-induced apoptosis is important in elimination of virus- 
infected cells and cancer cells by natural killer cells and cytotoxic T 
lymphocytes; an alternative mechanism involves perforin and 
granzymes' '*"'". Peripheral blood natural killer cells triggered 
marked cell death in Jurkat T leukaemia cells (Fig. 3d); DcR3-Fc 
and Fas-Fc each reduced killing of target cells from ^65% to 
~30%, with half-maximal inhibition at ~1 p-gml"*; the residual 
killing was probably mediated by the perforin/granzyme pathway. 
Thus, DcR3 binding blocks FasL-dependent natural killer cell 
activity. Higher DcR3-Fc and Fas-Fc concentrations were required 
to block natural killer cell activity compared with those required to 
block soluble FasL activity, which is consistent with the greater 
potency of membrane-associated FasL compared with soluble 
FasL'^ 

Given the role of immune-cytotoxic cells in elimination of 
tumour cells and the fact that DcR3 can act as an inhibitor of 
FasL, we proposed that DcR3 expression might contribute to the 
ability of some tumours to escape immune-cytotoxic attack. As 
genomic amplification frequently contributes to tumorigenesis, we 
investigated whether the DcR3 gene is amplified in cancer. We 
analysed DcR3 gene -copy number by quantitative polymerase chain 
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Figure 1 Primary structure and expression of human DcR3. a. Alignment of the 
ammo-acid sequences of DcR3 and of osteoprotegerin (OPG): the C-terminal 101 
residues of OPG are not shown. The putative signal cleavage site (arrow), the 
cysteine-rich domains (CRD 1 -4). and the A/-lintced glycosylation site (asterisk) are 
shown, b. Expression of OcR3 mRNA. Nonhern hybridization analysis was done 
usir)g the OcR3 cONA as a probe and blots of poly{A)* RNA (Clontech) from 
human fetal and adult tissues or cancer cell lines. PBL. peripheral blood 
lymphocyte. 



Figure 2 Irneraction of OcR3 with FasL. a. 293 cells were transfected with pRK5 
vector (top) or with pRK5 encoding full-length FasL (bottom), incubated with 
DcR3-Fc (solid line, shaded area). TNFRl -Fc (dotted line) or buffer control 
(dashed line) (the dashed and dotted lines overlap), and analysed for binding by 
FACS. Statistical analysis showed a significant difference (P < 0.001 ) between the 
binding of DcR3-Fc to cells transfected with FasL or pRK5. PE. phycoerythrin- 
labelled ceils, b. 293 ceils were transfected as in a and metabolically labelled, and 
cell supernatants were immunoprecipitated with Fc-tagged TNFRl. OcR3 or Fas. 
c. Purified soluble FasL (sFasL) was immunoprecipitated with TNFRl -Fc. DcR3- 
Fc or Fas-Fc and visualized by immunoblot with anti-FasL antibody. sFasL was 
loaded directly for comparison in the right-hand lane, d. Rag-tagged sFasL was 
incubated with DcR3:Fc or with buffer and resolved by gel hltration; column 
fractions were analysed in an assay that detects complexes containing DcR3-Fc 
and sFasL-Flag. e. Equilibrium binding of DcR3-Fc or Fas-Fc to sFasL-Rag. 
Inset, competition of DcR3-Fc with Fas-Fc for binding to sFasL-Flag. 
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reaction (PGR)'* in genomic DNA from 35 primary lung and colon 
tumours, relative to pooled genomic DNA from peripheral blood 
leukocytes (PBLs) of 10 healthy donors. Eight of 18 lung tumours 
and 9 of 17 colon tumours showed DcR3 gene amplification, 
ranging from 2- to 18-fold (Fig. 4a, b). To confirm .this result, we 
analysed the colon tumour DNAs with three more, independent sets 
of DcR3 -based PGR primers and probes; we observed nearly the 
same amplification (data not shown). 

We then analysed DcR3 mRNA expression in primary tumour 
tissue sections by in situ hybridization. We detected DcR3 expres- 
sion in 6 out of 15 lung tumours, 2 out of 2 colon tumours, 2 out of 5 
breast tumours, and I out of 1 gastric tumour (data not shown), A 
section through a squamous-cell carcinoma of the lung is shown in 
Fig. 4c. DcR3 mRNA was localized to infiltrating malignant epithe- 
lium, but was essentially absent from adjacent stroma, indicating 
tumour-specific expression. Although the individual tumour speci- 
mens that we analysed for mRNA expression and gene amplification 
were different, the in situ hybridization results are consistent with 
the finding that the DcR3 gene is amplified frequendy in tumours. 
SW480 colon carcinoma cells, which showed abundant DcR3 
mRNA expression (Fig. lb), also had marked DcR3 gene amplifica- 
tion, as shown by quantitative PGR (fourfold) and by Southern blot 
hybridization (fivefold) (data not shown). 

If DcR3 amplification in cancer is functionally relevant, then 
DcR3 should be amplified more than neighbouring genomic 
regions that are not important for tumour survival. To test this, 



we mapped the human DcR3 gene by radiation-hybrid analysis; 
DcR3 showed linkage to marker AFM2 18xe7 (T160), which maps to 
chromosome position 20ql3. Next, we isolated from a bacterial 
artificial chromosome (BAG) library a human genomic clone that 
carries DcR3, and sequenced the ends of the clone s insert. We then 
determined, from the nine colon tumours that showed twofold or 
greater amplification of DcR3, the copy number of the DcR3- 
flanking sequences (reverse and forward) from the BAG, and of 
seven genomic markers that span chromosome 20 (Fig. 4d). The 
DcR3 -linked reverse marker showed an average amplification of 
roughly threefold, slighdy less than the approximately fourfold 
amplification of DcR3; the other markers showed little or no 
amplification. These data indicate that DcR3 may be at the 'epi- 
centre* of a distal chromosome 20 region that is amplified in colon 
cancer, consistent with the possibility that DcR3 amplificadon 
promotes tumour survival. 

Our results show that DcR3 binds specifically to FasL and inhibits 
FasL activity. We did not detect DcR3 binding to several other TNF- 
Hgand-family members; however, this does not rule out the possi- 
bility that DcR3 interacts with other ligands, as do some other 
TNFR family members, including OPG^ '*. 

FasL is important in regulating the immune response; however, 
little is known about how FasL function is controlled. One mechan- 
ism involves the molecule cFLIP, which modulates apoptosis signal- 
ling downstream of Fas^**. A second .mechanism involves proteolytic 
shedding of FasL from the cell surface". DcR3 competes with Fas for 
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Figure 3 Inhibition of FasL activity by DcR3. a. Human Jurkat T leukaemia ceils 
were incubated with Flag-tagged soluble FasL {sFasL:. 5ngmr') oligomerized 
with anti-Flag antibody (0.1 M.gmr') in the presence of the proposed inhibitors 
DcR3-Fc, Fas-Fc or human IgGi arid assayed for apoptosis (mean i s.e.m. of 
triplicates), b. Jurkat cells were incubated with sFasL-Flag.plus anti-Flag antibody 
as in a. In presence of 1 »i,g ml'' DcR3-Fc (filled circles), Fas>Fc (open circles) or 
human IgGi (triangles), and apoptosis was determined at the indicated time 
points, c, Peripheral blood T cells were stimulated with PHA and intefleukin-2, 
followed by control (white bars) or 8nti-CD3 antibody (filled bars), together with 
phosphate-buffered saline (PBS), human IgGi. Fas-R, or DcR3-Fc (tOp-g mr'). 
After 16 h. apoptosis of CD4* ceils was determined (mean r s.e.m. of results from 
five donors), d. Peripheral blood natural killer cells were incubated with ^*Cr- 
labelled Jurkat cells in the presence of DcR3-Fc (filled circles), Fas-Fc (open 
circles) or human IgGi (triangles), and target-celt death was determined by 
release of ^'Cr (mean ± s.d. for two donors, each in triplicate).* 



Figure 4 Genomic amplification of DcR3 in tumours, a. Lung cancers, comprising 
eight adenocarcinomas (c, d. f. g. h. j, k. r). seven squamous-cell carcinomas (a, e. 
m, n, o, p, q). one non-small-cell carcinoma (b). one small-cell carcinoma (i). and 
one bronchial adenocarcinoma (t). The data are means i s.d. of 2 experiments 
done in duplicate, b, Colon tumours, comprising 17 adenocarcinomas. Data are 
means ± s.e.m. of five experiments done in duplicate, c. In situ hybridization . 
analysis of OcR3 mRNA expression in a squamous-cell carcinoma of the lung. A 
re'presentative bright-field image (left) and the corresponding dark-field Image 
(right) show OcR3 mRNA over infiltrating malignant epithelium (arrowheads). 
Adjacent non-malignant stroma (S). blood vessel (V) and necrotic tumour tissue 
(N) are also shown, d. Average amplttication of OcR3 compared with amplifica- 
tion of neighbouring genomic regions (reverse and fon/vard. Rev and Fwd). the 
OcR3-Hnked marker T160. and other chromosome-20 markers, in the nine colon 
tumours showing DcR3 amplification of twofold or more (b). Data are from two 
experiments done in duplicate. Asterisk indicates P < 0.01 for a Student's f-test 
comparing each marker with OcR3. 
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FasL binding; hence, it may represent a third mechanism of 
extracellular regulation of FasL activity. A decoy receptor that 
modulates the function of the cytokine interleukin-l has been 
described^'. In addition, two decoy receptors that belong to the 
TNFR family, DcRl and DcR2, regulate the FasL-related apoptosis- 
inducing molecule Apo2L". Unlike DcRl and DcR2, which are 
membrane-associated proteins, DcR3 is directly secreted into the 
extracellular space. One other secreted TNFR- family member is 
0?G\ which shares greater sequence homology with DcR3 (31%) 
than do DcRl (17%) or DcR2 (19%); OPG functions as a third 
decoy for Apo2L''. Thus, DcR3 and OPG define a new subset of 
TNFR-family members that function as secreted decoys to mod- 
ulate ligands that induce apoptosis. Pox viruses produce soluble 
TNFR homologues that neutralize specific TNF-family ligands, 
thereby modulating the antiviral immune response^ Our results 
indicate that a similar mechanism, namely, production of a soluble 
decoy receptor for FasL, may contribute to immune evasion by 
certain tumours. O 



Methods 

Isolation of DcR3 cONA. Several overlapping ESTs in Gen Bank (accession 
numbers AA025672, AA025673 and W67560) and in Lifeseq™ (Incytc 
Pharmaceuticals: accession numbers 1339238, 1533571, 1533650, 1542861, 
1789372 and 2207027) showed similarity to members of the TNFR family. We 
screened human cDNA libraries by PGR with primers based on the region of 
EST consensus; fetal lung was positive for a product of the expected size. By 
hybridization to a PCR-generated probe based on the ESTs, one positive clone 
(DNA30942} was identified. When searching for potential alternatively spliced 
forms of DcR3 that might encode a transmembrane protein, we isolated 50 
more cbnes; the coding regions of these clones were identical in size to that of 
the initial clone (data not shown). 

Fc-fusion proteins (immunoadhesins). The entire DcR3 sequence, or the 
ectodomain of Fas or TNFRl, was fused to the hinge and Fc region of human 
IgGl, expressed in insect SF9 cells or in humafi 293 cells, and purified as 

described^\ 

Ruorescence^activated cell sorting (FACS) analysis. We transfected 293 
cells using calcium phosphate or EfFectene (Qiagen) with pRK5 vector or pRK5 
encoding full-length human FasL^ (2 jxg), together with pRK5 encoding CrmA 
(2ng) to prevent cell death. After 16 h, the cells were incubated with 
biotinylated DcR3-Fc or TNFRl-Fc and then with phycoerythrin- conjugated 
streptavidin (GibcoBRL), and were assayed by FACS. The data were analysed by 
Kolmogorov-Smirnov statistical analysis. There was some detectable staining 
of vector-tiansfected cells by DcR3-Fc; as these cells express little FasL (data 
not shown), it is possible that DcR3 recognized some other factor that is 
expressed constitutively on 293 cells. 

Immunopreclpitation. Human 293 cells were transfected as above, and 
metabotically labelled with (^'$1 cysteine and j^'S] methionine (0.5 mCi; 
Amersham). After 16 h of culture in the presence of z-VAD-fmk (lO(i.M). 
the medium was immunoprecipitated with DcR3-Fc, Fas-Fc or TNFRl -Fc 

(5 ^JLg), followed by protein A-Sepharose (Repligen). The precipitates were 
resolved by SDS-PAGE and visualized on a phosphorimager (Fuji BAS2OO0). 
Alternatively, purified. Flag-tagged soluble FasL (1 p-g) (Alexis) was incubated 
with each Fc-ftision protein (1 jig), precipitated with protein A-Sepharose, 
resolved by SDS-PAGE and visualized by immunoblotting with rabbit anti- 
FasL antibody (Oncogene Research). 

Analysis of complex formation. Flag-tagged soluble FasL (25 pig) was 
incubated with buffer or with DcR3-Fc (40 jig) for 1.5 h at 24 "C. The reaction 
was loaded onto a Superdex 200 HR 10/30 column (Pharmacia) and developed 
with PBS; 0.6-mt ftactions were collected. The presence of DcR3~Fc-FasL 
complex in each fraction was analysed by placing 100 p,l aliquots into microtitre 
wells precoated with anti-human IgG (Bochringer) to capture DcR3-Fc, 
followed by detection with biotinylated anti-Flag antibody Bio M2 (Kodak) and 
streptavidin-horseradish peroxidase (Amersham). Calibration of the column 
indicated an apparent relative molecular mass of the complex of 420K (data not 
shown), which is consistent with a stoichiometry of two DcR3-Fc homodimers 
to two soluble FasL homotrimers. 

Equilibrium binding analysis. Microtitre wells were coated with anti-human 




IgG, blocked with 2% BSA in PBS. DcR3-Fc or Fas-Fc was added, followed by 
serially diluted Flag-tagged soluble FasL. Bound ligand was detected with anti- 
Flag antibody as above. In the competition assay. Fas-Fc was immobilized as 
above, and the wells were blocked with excess IgGl before addition of Flag- 
tagged soluble FasL plus DcR3-Fc. 

T-cell AlCD. CD3* lymphocytes were isolated ft^om peripheral blood of 
individual donors using anti-CD3 magnetic beads (Miltenyi Biotech), 
stimulated with phytohaemagglutinin (PHA; 2 |xg ml'') for 24 h, and cultured 
in the presence of interleukin-2 ( 100 U ml"') for 5 days. The cells were plated in 
wells coated with anti-CD3 antibody (Pharmingen) and analysed for apoplosis 
16 h later by FACS analysis of anncxin-V-binding of CD4* cells". 
Natural killer celt activity. Natural killer cells were isolated from peripheral 
blood of individual donors using anti-CD56 magnetic beads (Miltenyi 
Biotech), and incubated for 16 h with '*Gr-loaded Jurkat cells at an effector- 
to-target ratio of 1:1 in the presence of DcR3-Fc. Fas-Fc or human IgGl. 
Target -cell death was determined by release of ^*Cr in effector-target co- 
cultures relative to release of ^'Gr by detergent lysis of equal numbers of lurkat 
ceUs. 

Gene-amplification analysis. Surgical specimens were provided by ]. Kern 
(lung tumours) and P. Quirkc (colon tumours). Genomic DNA was extracted 
(Qiagen) and the concentration was determined using Hoechst dye 33258 
intercalation fluorometry. Amplification was determined by quantitative PGR" 
using a TaqMan instmment (ABI). The method was validated by comparison of 
PGR and Southern hybridization data for the Myc and HER-2 oncogenes (dau 
not shown). Gene-specific primers arid fluorogenic probes were designed on 
the basis of the sequence of DcR3 or of nearby regions identified on a BAG 
carrying the human DcR3 gene; alternatively, primers and probes were based 
on Stanford Human Genome Center marker AFM218xe7 (T160), which is 
linked to DcR3 (Ukelihood score = 5.4). SHGC-36268 (T159), the nearest 
available marker which maps to ~500 kilobases from T160, and five extra 
markers that span chromosome 20. The DcR3-specific primer sequences were 
5'-CTTCTTCGCGCACGCTG-3' and 5'-ATCACGCCGGCACCAG-3' and the 
fluorogenic probe sequence was 5'-(FAM-ACACGATGCGTGCTCCAAGCAG 
AAp-(TAMARA), where FAM is 5' -fluorescein phosphoramidite. Relative 
gene-copy numbers were derived using the formula 2*^^\ where ACT is the 
difference in amplification cycles required to detea DcR3 in peripheral blood 
lymphocyte DNA compared to test DNA. 
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ABC transporters (also known as traffic ATPases) form a large 
family of proteins responsible for the translocation of a variety 
of compounds across membranes of both prokaryotes and 
eukaryotes^ The recently completed Escherichia coli genome 
sequence revealed that the largest family of paralogbus E coli 
proteins is composed of ABC transporters^ Many cukaryotic 
proteins of medical significance belong to this family, such as 
the cystic fibrosis transmembrane conductance regulator (CFTR), 
the P-glycoprotein (or multidrug-resistance protein) and the 
heterodimeric transporter associated with antigen processing 
(Tapl-Tap2). Here we report the crystal structure at 1.5 A resolu- 
tion of HisP, the ATP-binding subunit of the histidine permease, 
which is an ABC transporter from Salmonella typhimurium. We 
correlate the details of this structure with the biochemical, genetic 
and biophysical properties of the wild-type and several mutant 
HisP proteins. The structure provides a basis for understanding 
properties of ABC transporters and of defective CFTR proteins. 

ABC transporters contain four structural domains: two nucleo- 
tide -binding domains (NBDs), which are highly conserved 
throughout the family, and two transmembrane domains*. In 
prokaryotes these domains are often separate subunits which are 
assembled into a membrane-bound complex; in eukaryotes the 
domains are generaUy fused into a single polypeptide chain. The 
peripiasmic histidine permease of S. typhimurium and £. co/i'*^'" is a 
well-characterized ABC transporter that is a good model for this 
superfamily. It consists of a membrane-bound complex, HisQMPi, 
which comprises integral membrane subunits, HisQ and HisM, and 
two copies of HisP, the ATP-binding subunit. HisP, which has 
properties intermediate between those of integral and peripheral 
membrane proteins^, is accessible from both sides of the membrane, 
presumably by its interaction with HisQ and HisM^. The two HisP 
subunits form a dimer, as shown by their cooperativity in ATP 
hyd^olysis^ the requirement for both subunits to be present for 
activity", and the formation of a HisP dimer upon chemical cross- 
Unking. Soluble HisP also forms a dimer\ HisP has been purified 
and characterized in an active soluble form^ which can be recon- 
stituted into a fully active membrane-bound complex*. 

The overall shape of the crystal structure of the HisP monomer is 
that of an *L* with two thick arms (arm I and arm II); the ATP- 
binding pocket is near the end of arm I (Fig. 1). A six-stranded p- 
sheet (p3 and p8-p 12) spans both arms of the L, with a domain of a 
a- plus p-type structure (pi, P2, P4-P7, al and a2) on one side 
(within arm I) and a domain of mostly a-helices (a3-a9) on the 
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Figure 1 Crystal structure of HisP. a, View of the dimer along an axis 
perpendicular to its two-fold axis. The top and bottom of the dimer are suggested 
to face towards the peripiasmic and cytoplasmic sides, respectively {see text). 
The thickness of arm 11 is about 25 A, comparable to that of membrane. a-Helices 
are shown in orange and p-sheets in green, b. View atong the two-fold axis of the 
HisP dimer, showing the relative displacement of the monomers not apparent in 
a. The p*strands at the dimer interface are labelled, c. View of one monomer from 
the bottom of arm I. as shown in a. towards arm H. showing the ArP-binding 
pocket, a-c, The protein and the bound ATP are in 'ribbon' and 'ball-and-stick' 
representations, respectively. Key residues discussed in the text are indicated in 
c. These Hgures were prepared with MOLSCRIPT*. N, amino terminus; C. C 
terminus. 
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Gene amplification is a common event in the progression of 
human cancers, and amplified oncogenes have been shown to 
have diagnostic, prognostic and therapeutic relevance. A 
kinetic quantitative polymerase-chain-reaction (PCR) method, 
based on fluorescent TaqMan methodology and a new instru- 
ment (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in reahtime, was used to quantify 
gene amplification in tumor DNA. Reactions are character- 
ized by the point during cycling when PCR amplification is still 
in the exponential phase, rather than the amount of PCR 
product accumulated after a fixed number of cycles. None of 
the reaction components is limited during the exponential 
phase, meaning that values are highly reproducible in reac- 
tions starting with the same copy number. This greatly 
improves the precision of DNA quantification. Moreover, 
real-time PCR does not require ppst-PCR sample handling, 
thereby preventing potential PCR-product carry-over con- 
tamination; it possesses a wide dynamic range of quantifica- 
tion and results in much faster and higher sarnple throughput. 
The real-time PCR method, was used to develop and validate 
a simple and rapid assay for the detection and quantification 
of the 3 most frequently amplified genes {myc, ccndl and 
erfoB2) in breast tumors. Extra copies of myc, ccndl and erbB2 
were observed in 10, 23 and 15%, respectively, of 108 breast- 
tumor DNA; the largest observed numbers of gene copies 
were 4.6, 18.6 and 15.1, respectively. These results correlated 
well with those of Southern blotting. The use of this new 
semi-automated technique will make molecular analysis of 
human cancers simpler and more reliable, and should find 
broad applications in clinical and research settings. Int. J. 
Cancer 78:661-666, 1998. 
O 1998 miey-Liss. Inc. 

Gene amplification plays an important role in the pathogenesis 
of various sohd tumors, including breast cancer, probably because 
over-expression of the amplified target genes confers a selective 
advantage. The first technique used to detect genomic amplification 
was cytogenetic analysis. Amplification of several chromosome 
regions, visualized either as extrachromosoma! double minutes 
(dmins) or as integrated homogeneously staining regions (HSRs), 
are among the main visible cytogenetic abnormalities in breast 
tumors. Other techniques such as comparative genomic hybridiza- 
tion (CGH) (Kailioniemi et al., 1994) have also been used in broad 
searches for regions of increased DNA copy numbers in tumor 
cells, and have revealed some 20 amplified chromosome regions in 
breast tumors. Positional cloning efforts are underway to identify 
the critical gene(s) in each amplified region. To date, genes known 
. to be amplified frequently in breast cancers include myc (8q24), 
ccndl ( 1 1 q 1 3), and er^B2 ( 1 7q 1 2-q2 1 ) (for review, see Bieche and 
Lidereau, 1995). 

Amplification of the myc. ccndl. and erbBl proto-oncogenes 
should have clinical relevance in breast cancer, since independent 
studies have shown that these alterations can be used to identify 
sub-populations with a worse prognosis (Hems et ai, 1992; 
Schuuring et al.. 1992; Siamon et ai. 1987). Muss et al, (1994) 
suggested that these gene alterations may also be useful for the 
prediction and assessment of the efficacy of adjuvant chemotherapy 
and hormone therapy 

However, published results diverge both in terms of the fre- 
quency of these alterations and their clinical value. For instance, 
over 500 studies in 10 years have failed to resolve the controversy 



surrounding the link suggested by Slamon et al. (1987) between 
erbBl amplification and disease progression. These discrepancies 
are partly due to the clinical, histological and ethnic heterogeneity 
of breast cancer, but technical considerations are also probably 
involved. 

Specific genes (DNA) were initially quantified in mmor cells by 
means of blotting procedures such as Southern and slot blotting. 
These batch techniques require large amounts of DNA (5-10 
^ig/reaction) to yield reliable quantitative results. Furthermore, 
meticulous care is required at all stages of the procedures to 
generate blots of sufficient quality for reliable dosage analysis. 
Recently, PCR has proven to be a powerftil tool for quantitative 
DNA analysis, especially with minimal starting quantities of tumor 
samples (small, early-stage tumors and formalin-fixed, paraffin- 
embedded tissues). 

Quantitative PCR can be performed by evaluating the amount of 
product either afler a given number of cycles (end-point quantita- 
tive PCR) or after a varying number of cycles during the 
exponential phase (kinetic quantitative PCR). In the first case, an 
internal standard distinct from the target molecule is required to 
ascertain PCR efficiency. The method is relatively easy but implies 
generating, quantifying and storing an internal standard for each 
gene studied. Nevertheless, it is the most frequently applied 
method to date.- 

One of the major advantages of the kinetic method is its rapidity 
in quantifying a new gene, since no internal standard is required (an 
external standard curve is sufTicient). Moreover, the kinetic method 
has a wide dynamic range (at least 5 orders of magnitude), giving 
an accurate value for samples differing in their copy number. 
Unfortunately, the method is cumbersome and has therefore been 
rarely used. It involves aliquot sampling of each assay mix at 
regular intervals and quantifying, for each aliquot, the amplifica- 
tion product. Interest in the kinetic method has been stimulated by a 
novel approach using fluorescent TaqMan methodology and a new 
instrument (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real time (Gibson et al.. 1996; Heid et 
ai. 1996). The TaqMan reaction is based on the 5' nuclease assay 
first described by Holland et ai (1991). The latter uses the 5' 
nuclease activity of Taq polymerase to cleave a specific fluorogenic 
oligonucleotide probe during the extension phase of PCR. The 
approach uses dual-labeled fluorogenic hybridization probes (Lee 
ei ai, 1993). One fluorescent dye, co-valently linked to the 5' end 
of the oligonucleotide, serves as a reporter [FAM (i.e., 6-carboxy- 
fluorescein)] and its emission spectrum is quenched by a second 
fluorescent dye, TAMRA (/.c, 6-carboxy-tetramethyl-rhodamine) 
attached to the 3' end. During the extension phase of the PCR 
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cycle, the fluorescent hybridization probe is hydrolyzed by the 
5'-3' nuclcolytic activit>' of DNA polymerase. Nuclease degrada- 
tion of the probe releases the quenching of FAM fluorescence 
emission, resulting in an increase in peak fluorescence emission. 
The fluorescence signal is normalized by dividing the emission 
intensity of the reporter dye (FAM) by the emission intensity of a 
reference dye {i.e., ROX, 6-carboxy-X-rhodamine) included in 
TaqMan buffer, to obtain a ratio defined as the Rn (normalized 
reporter) for a given reaction tube. The use of a sequence detector 
enables the fluorescence spectra of all 96 wells of the thermal 
cycler to be measured continuously during PGR amplification. 

The real-time PGR method offers several advantages over other 
current quantitative PGR methods (Geli et al, 1994): (i) the 
probe-based homogeneous assay provides a real-time method for 
detecting only specific amplification products, since specific hybri- 
dation of both the primers and the probe is necessary to generate a 
signal; (ii) the C, (threshold cycle) value used for quantification is 
measured when PGR amplification is still in the log phase of PGR 
product accumulation. This is the main reason why Q is a more 
reliable measure of the starting copy number than are end-point 
measurements, in which a slight difference in a limiting component 
can have a drastic effect on the amount of product; (Hi) use of C, 
values gives a wider d>Tiamic range (at least 5 orders of magni- 
tude), reducing the need for serial dilution; (iv) The real-time PGR 
method is run in a closed-tube system and requires no post-PGR 
sample handling, thus avoiding potential contamination; (v) the 
system is highly automated, since the instrument continuously 
measures fluorescence in all 96 wells of the thermal cycler during 
PGR amplification and the corresponding software processes, and 
analyzes the fluorescence data; (vi) the assay is rapid, as results are 
available just one minute after thermal cycling is complete; (vii) the 
sample throughput of the method is high, since 96 reactions can be 
analyzed in 2 hr. 

Here, we applied this semi-automated procedure to determine 
the copy numbers of the 3 most frequently amplified genes in breast 
tumors {myc, ccndJ and erbB2), as well as 2 genes (alb and app) 
located in a chromosome region in which no genetic changes have 
been observed in breast tumors. The results for 108 breast tumors 
were compared with previous Southern-blot data for the same 
samples. 



MATERIAL AND METHODS 
Tumor and biood samples " 

Samples were obtained from 1 08 primary breast tumors removed 
surgically from patients at the Centre Rene Huguenin; none of the 
patients had undergone radiotherapy or chemotherapy. Immedi- 
ately after surgery, the tumor samples were placed in liquid 
nitrogen until extraction of high-molecular- weight DNA. Patients 
were included in this study, if the tumor sample used for DNA 
preparation contained more than 60% of tumor cells (histological 
analysis). A blood sample was also taken from 18 of the same 
patients. 

DNA was extracted from tumor tissue and blood leukocytes 
according to standard methods. 

Real-time PCR 

Theoretical basis. Reactions are characterized by the point 
during cycling when amplification of the PGR product is first 
detected, rather than by the amount of PGR product accumulated 
after a fixed number of cycles. The higher the starting copy number 
of the genomic DNA target, the earlier a significant increase in 
fluorescence is observed. The parameter G, (threshold cycle) is 
defined as the fractional cycle number at which the fluorescence 
generated by cleavage of the probe passes a fixed threshold above 
baseline. The target gene copy number in unknown samples is 
quantified by measuring G| and by using a standard curve to 
determine the starting copy number. The precise amount of 
genomic DNA (based on optical density) and its quality (i.e., lack 



of extensive degradation) are both difficult to assess. We therefore 
also quantified a control gene (alb) mapping to chromosome region 
4qll-ql3, in which no genetic alterations have been found in 
breast-tumor DNA by means of GGH (Kallioniemi et al. 1 994), 

Thus, the ratio of the copy number of the target gene to the copy 
number of the alb gene normalizes the amount and quality of 
genomic DNA. The ratio defining the level of amplification is 
termed **N*\ and is determined as follows: 

copy number of target gene {app, myc. ccndl. cr6B2) 
copy number of reference gene {alb) 

Primers, probes, reference human genomic DNA and PCR 
consumables. Primers and probes were chosen with the assistance 
of the computer programs Oligo 4,0 (National Biosciences, Ply- 
mouth, MN), EuGene (Daniben Systems, Gincinnati, OH) and Primer 
Express (Perkin-Elmer Applied Biosystems, Foster City, GA), 

Primers were purchased from DNAgency (Malvern, PA) and 
probes from Perkin-Elmer Applied Biosystems. 

Nucleotide sequences for the oligonucleotide hybridization 
probes and primers are available on request. 

The TaqMan PGR Gore reagent kit, MicroAmp optical tubes, 
and MicroAmp caps were from Perkin-Elmer Applied Biosystems. 

Standard-curve construction. The kinetic method requires a 
standard curve. The latter was constructed with serial dilutions of 
specific PGR products, according to Piatak et al. (1993). In 
practice, each specific PGR product was obtained by amplifying 20 
ng of a standard human genomic DNA (Boehringer, Mannheim, 
Germany) with the same primer pairs as those used later for 
real-time quantitative PCR. The 5 PCR products were purified 
usiiig MicroSpin S-400 HR columns (Pharmacia, Uppsala, Swe- 
den) electrophorezed through an acrylamide gel and stained with 
ethidium bromide to check their quality. The PCR products were 
then quantified spectrophotometrically and pooled, and serially 
diluted 10-fold in mouse genomic DNA (Clontech, Palo Alto, CA) 
at a constant concentration of 2 ng/^I. The standard curve used for 
real-time quantitative PGR was based on serial dilutions of the pool 
of PCR products ranging firom 10"' (10* copies of each gene) to 
10-10 (102 copies). This series of diluted PCR products was 
aliquoted and stored at - 80**G until use. 

The staridard curve was validated by analyzing 2 known 
quantities of calibrator human genomic DNA (20 ng and 50 hg). 

PCR amplification. Amplification mixes (50 \k\) contained the 
sample DNA (around 20 ng, around 6600 copies of disomic genes), 
I OX TaqMan buffer (5 ^1), 200 ^M dATP, dCTP, dGTP, and 400 
jxM dUTP, 5 mM MgGl2, 1.25 units of AmpliTaq Gold, 0.5 units of 
AmpErase uracil N-glycosylase (UNG), 200 nM each primer and 
1 00 nM probe. The thermal cycling conditions comprised 2 min at 
50°C and 1 0 min at 95*^G. Thermal cycling consisted of 40 cycles at 
95°C for 15 s and 65°G for I min. Each assay included: a standard 
curve (from 10-^ to 10^ copies) in duplicate, a no-template control, 
20 ng and 50 ng of calibrator human genomic DNA (Boehringer) in 
triplicate, and about 20 ng of unknown genomic DNA in triplicate 
(26 samples can thus be analyzed on a 96-well microplate). All 
samples with a coefficient of variation (GV) higher than 10% were 
retested. 

All reactions were performed in the ABI Prism 7700 Sequence 
Detection System (Perkin-Elmer Applied Biosystems), which 
detects the signal from the fluorogenic probe during PCR. 

Equipment for real-time detection. The 7700 system has a 
built-in thermal cycler and a laser directed via fiber optical cables 
to each of the 96 sample wells. A charge-coupled-device (CDD) 
camera collects the emission from each sample and the data are 
analyzed automatically. The software accompanying the 7700 
system calculates Ct and determines the starting copy number in the 
samples. 
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Determination of gene amplification. Gene amplification was 
calculated as described above. Only samples with an N value 
higher than 2 were considered to be amplified. 

RESULTS 

To validate the method, real-time PCR was performed on 
genomic DNA extracted from 108 primary breast tumors, and 18 
normal leukocyte DNA samples from some of the same patients. 
The target genes were the mvc. ccndJ and erbBl proto-oncogenes, 
and the P-amyloid precursor protein gene (app), which maps to a 
chromosome region (21q21.2) in which no genetic alterations have 
been found in breast tumors (Kallioniemi ei ai, 1994). The 
reference disomic gene was the albumin gene {alb, chromosome 
4qll-ql3). 



Validation of the standard curve and dynamic range 
of real-time PCR 

The standard curve was constructed from PCR products serially 
diluted in genomic mouse DNA at a constant concentration of 
2 ng/^l. It should be noted that the 5 primer pairs chosen to analyze 
the 5 target genes do not amplify genomic mouse DNA (data not 
shown). Figure I shows the real-time PCR standard curve for the 
alb gene. The dynamic range was wide (at least 4 orders of 
magnitude), with samples containing as few as 10- copies or as 
many as 10^ copies. 

Copy-number ratio of the 2 reference genes (app anddXh) 

The app to alb copy-number ratio was determined in 18 normal 
leukocyte DNA samples and all 108 primary breast-tumor DNA 
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Figure 1 - Albumin {alb) gene dosage by real-time PCR. Top: Amplification plots for reactions with starting alb gene copy number ranging 
from 10^ (A9), 10* (A7), 10^ (A4) to 10' (A2) and a no-template control (Al). Cycle number is plotted vs. change in normalized reporter signal 
(ARn). For each reaction tube, the fluorescence signal of the reporter dye (FAM) is divided by the fluorescence signal of the passive reference dye 
(ROX), to obtain a ratio defined as the normalized reporter signal (Rn). ARn represents the normalized reporter signal (Rn) minus the baseline 
signal established in the first 15 PCR cycles. ARn increases during PCR as alb PCR product copy number increases until the reaction reaches a 
plateau. C, (threshold cycle) represents the fractional cycle number at which a significant increase in Rn above a baseline signal (horizontal black 
line) can first be detected. Two replicate plots were performed for each standard sample, but the data for only one arc shown here. Bottom: 
Standard curve plotting log starting copy number vs. C, (threshold cycle). The black dots represent the data for standard samples plotted in 
duplicate and the rpd dots the data for unknown genomic DNA samples plotted in triplicate. The standard curve shows 4 orders of linear dynamic 
range. 
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samples. We selected these 2 genes because they are located in 2 
chromosome regions {app, 21q2L2: alb. 4qll-ql3) in which no 
obvious genetic changes (including gains or losses) have been 
observed in breast cancers (Kailioniemi et aL. 1994). The ratio for 
the 18 normal leukocyte DNA samples fell between 0.7 and 1.3 
(mean 1.02 ± 0.21), and was similar for the 108 primary breast- 
tumor DNA samples (0.6 to 1.6, mean 1.06 ± 0.25), confirming 
that alb and app are appropriate reference disomic genes for 
breast-tumor DNA. The low range of the ratios also confirmed that 
the nucleotide sequences chosen for the primers and probes were 
not polymorphic, as mismatches of their primers or probes with the 
subject's DNA would have resulted in differential amplification, 

myc, ccndl and CTbB2 gene dose in normal leukocyte DNA 

To determine the cut-off point for gene amplification in breast- 
cancer tissue, 1 8 normal leukocyte DNA samples were tested for 
the gene dose (N), calculated as described in "Material and 
Methods". The N value of these samples ranged from 0.5 to 1.3 
(mean 0.84 ± 0.22) for myc, 0.7 to 1.6 (mean 1.06 ± 0.23) for 
ccndJ and 0.6 to 1.3 (mean 0.91 ± 6.19) (orerbBl. Since N values 
for myc, ccnd] and erbBl in normal leukocyte DNA consistently 
fell between 0.5 and 1.6, values of 2 or more were considered to 
represent gene amplification in tumor DNA. 

myc, ccndl and trbB2 gene dose in breast-tumor DNA 

myc, ccndl and erbB2 gene copy numbers in the 108 primary 
breast tumors are reported in Table 1. Extra copies of ccndl were 
more frequent (23%, 25/108) than extra copies of erbBl (15%, 
16/108) and myc (10%, 11/108), and ranged from 2 to 18.6 for 
ccnd J, 2 to 15.1 for erbB2, and only 2 to 4.6 for the myc gene. 
Figure 2 and Table II represent tumors in which the ccndl gene was 
amplified 16-fold (T145), 6-fold (Tl 33) and non-amplified (Til 8). 
The 3 genes were never found to be co-amplified in the same tumor. 
erbBl and ccnd] were co-amplified in only 3 cases, myc and ccndl 
in 2 cases and myc and erbB2 in I case. This favors the hypothesis 
that gene amplifications are independent events in breast cancer. 
Interestingly, 5 tumors showed a decrease of at least 50% in the 
erbBl copy number (N < 0,5), suggesting that they bore deletions 
of the I7q21 region (the site of erbBl). No such decrease in copy 
number was observed with the other 2 proto-oncogenes. 

^Comparison of gene dose determined by real-time quantitative 
PCR and Southern-blot analysis 

Southem-blot analysis of myc, ccndl and erbBl amplifications 
had previously been done on the same 108 primary breast tumors. A 
perfect correlation between the results of real-time PCR and 
Southern blot was obtained for tumors with high copy numbers 
(N ^ 5). However, there were cases (1 myc, 6 ccndl and 4 erbBl) 
in which real-time PCR showed gene amplification whereas 
Southem-blot did not, but these were mainly cases with low extra 
copy numbers (N from 2 to 2.9). 

DISCUSSION 

The clinical applications of gene amplification assays are 
currently limited, but would certainly increase if a simple, standard- 
ized and rapid method were perfected. Gene amplification status 
has been studied mainly by means of Southern blotting, but this 
method is not sensitive enough to detect low-level gene amplifica- 
tion nor accurate enough to quantify the full range of amplification 
values. Southern blotting is also time-consuming, uses radioactive 



TABLE I - DISTRIBUTION OF AMPLIFICATION LEVEL (N) FOR myc. 
ccndl AND crbBl GENES IN 108 HUN4AN BREAST TUMORS 



Gene 




Amplificstion level (N) 




<0.5 


0.5-1.9 2-4.9 


as 


myc 

ccndl 

erbBl 


0 
0 

5 (4.6%) 


97(89.8%) 11 (10.2%) 
83 (76.9%) 17(15.7%) 
87 (80.6%) 8 (7.4%) 


0 

8 (7.4%) 
8 (7.4%) 



reagents and requires relatively large amounts of high-qualiry 
genomic DNA. which means it cannot be used routinely in many 
laboratories. An amplification step is therefore required to deter- 
mine the copy number of a given target gene from minimal 
quantities of tumor DNA (small early-stage tumors, cyiopuncture 
specimens or formalin-fixed, paraffin-embedded tissues). 

In this study, we validated a PCR method developed for the 
quantification of gene over-representation in rumors. The method, 
based on real-time analysis of PCR amplification, has several 
advantages over other PCR-based quantitative assays such as 
competitive quantitative PCR (Celi et ai, \ 994). First, the real-lime 
PCR method is performed in a closed-tube system, avoiding the 
risk of contamination by amplified products. Re-amplification of 
carryover PCR products in subsequent experiments can also be 
prevented by using the enzyme uracil N-glycosylase (UNO) 
(Longo et ai, 1990). The second advantage is the simplicity and 
rapidity of sample analysis, since no posi-PCR manipulations are 
required. Our results show that the automated method is reliable. 
We found it possible to determine, in triplicate, the number of 
copies of a target gene in more than 100 tumors per day. Third, the 
system has a linear dynamic range of at least 4 orders of magnitude, 
meaning that samples do not have to contain equal starting amounts 
of DNA. This technique should therefore be suitable for analyzing 
formalin-fixed, paraffin-embedded tissues. Fourth, and above all, 
real-time PCR makes DNA quantification much more precise and 
reproducible, since it is based on C, values rather than end-point 
measurement of the amount of accumulated PCR product. Indeed, 
the ABI Prism 7700 Sequence Detection System enables C, to be 
calculated when PCR amplification is still in the exponential phase 
and when none of the reaction components is rate-limiting. The 
within-run CV of the C, value for calibrator human DNA (5 
replicates) was always below 5%, and the between-assay precision 
in 5 different runs was always below 10% (data not shown). In 
addition, the use of a standard curve is not absolutely necessary, 
since the copy number can be determined simply by comparing the 
C, ratio of the target gene with that of reference genes. The results 
obtained by the 2 methods (with and without a standard curve) are 
similar in our experiments (data not shown). Moreover, unlike 
competitive quantitative PCR, real-lime PCR does not require an 
internal control (the design and storage of internal controls and the 
validation of their amplification efficiency is laborious). 

The only potential disavantagc of real-time PCR, like all other 
PCR-based methods and solid-matrix blotting techniques (South- 
ern blots and dot blots) is that is cannot avoid dilution artifacts 
inherent in the extraction of DNA from tumor cells contained in 
heterogeneous tissue specimens. Only FISH and immunohistochem- 
istry can measure alterations on a cell-by-cell basis (Pauletti et ai, 
1996; Slamon et ai. 1989). However, FISH requires expensive 
equipment and trained personnel and is also time-consuming. 
Moreover, FISH does not assess gene expression and therefore 
cannot detect cases in which the gene product is over-expressed in 
the absence of gene amplification, which will be possible in the 
future by real-time quantitative RT-PCR. Immunohistochemistry is 
subject to considerable variations in the hands of different teams, 
owing to alterations of target proteins during the procedure, the 
different primary antibodies and fixation methods used and the 
criteria used to define positive staining. 

The results of this study are in agreement with those reported in 
the literature, (i) Chromosome regions 4qn-ql3 and 21q21,2 
(which bear alb and app, respectively) showed no genetic alter- 
ations in the breast-cancer samples studied here, in keeping with 
the results of CGH (Kailioniemi et ai. 1994). (//) We found that 
amplifications of these 3 oncogenes were independent events, as 
reported by other teams (Bems et aL, 1992; Borg et aL, 1992). (iiV) 
The frequency and degree of myc amplification in our breast tumor 
DNA series were lower than those of ccndl and erbBl amplifica- 
tion, confirming the findings of Borg el ai (1 992) and Courjal et ai 
(1997). (iv) The maxima of ccndl and erbBl over-representation 
were 1 8-foid and 1 5-fold, also in keeping with earlier results (about 
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Figure 2 - ccndl and alb gene dosage by real-time PCR in 3 breast tumor samples: T U 8 (E 1 2, C6, black squares), T 1 33 (G 1 1 , B4, red squares) 
and T145 (A8, C8, blue squares). Given the Q of each sample, the initial copy number is inferred from the standard curve obtained during the same 
experiment Triplicate plots were performed for each tumor sample, but the data for only one arc shown here. The results are shown in Table U, 



30- fold maximum) (Bems et ai, 1 992; Borg et al, 1992; Courjal et 
al, 1997). (v) The erbBl copy numbers obtained with real-time 
PCR were in good agreement with data obtained with other 
quantitative PCR-based assays in terms of the frequency and 
degree of amplification (An et ai, 1 995; Deng et aL 1996; Valeron 



et ai, 1996). Our results also correlate well with those recently 
published by Gelmini ei al. ( 1 997), who used the TaqMan system to 
measure er6B2 amplification in a small series of breast tumors 
(n = 25), but with an instrument (LS-50B luminescence spectrom- 
eter, Perkin-Elmer Applied Biosystenis) which only allows end- 
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TABLE II - EXAMPLES OF ccnd! GENE DOSAGE RESULTS 
FROM 3 BREAST TUMORS' 



Tumor 




ccnd! 






otb 




Ucendl/alb 


Copy 
number 


Mean 


SD 


Copy 
number 


Mean 


SD 


T118 


4525 






4223 










4605 


4603 


77 


4365 


4325 


89 


1.06 




4678 






4387 








T133 


59821 






9787 










61659 


61100 


1111 


10092 


10137 


375 


6.03 




61821 






10533 








T145 


128S63 






7321 










125892 


125392 


3448 


7762 


7672 


316 


16.34 




121722 






7933 









'For each sample, 3 replicate experiments were performed and the mean 
and the standard deviation (SD) was determined. The level of ccndj gene 
amplification (Hccndllalb) is determined by dividing the average ccndl 
copy nomber value by the average alb copy number value. 



point measurement of fluorescence intensity. Here we report myc 
and ccndl gene dosage in breast cancer by means of quantitative 
PCR. (vi) We found a high degree of concordance between 
real-time quantitative PCR and Southern blot analysis in terms of 
gene amplification, especially for samples with high copy numbers 
(>:5-foId). The slightly higher frequency of gene amplification 
(especially ccndl and erbBl) observed by means of real-time 
quantitative PCR as compared with Southem-blot analysis may be 
explained by the higher sensitivity of the former method. However, 
we cannot rule out the possibility that some tumors with a few extra 



gene copies observed in real-time PCR had additional copies of an 
arm or a whole chromosome (trisomy, tetrasomy or polysomy) 
rather than true gene amplification. These 2 types of genetic 
alteration (polysomy and gene amplification) could be easily 
distinguished in the future by using an additional probe located on 
the same chromosome arm, but some distance from the target gene. 
It is noteworthy that high gene copy numbers have the greatest 
prognostic significance in breast carcinoma (Borg et al., 1992; 
Slamone/a/., 1987). 

Finally, this technique can be applied to the detection of gene 
deletion as well as gene amplification. Indeed, we found a 
decreased copy number of eriB2 (but not of the other 2 proto- 
oncogenes) in several tumors; erbBl is located in a chromosome 
region (17q21) reported to contain both deletions and amplifica- 
tions in breast cancer (Bieche and Lidereau, 1995). 

In conclusion, gene amplification in various cancers can be used 
as a marker of pre-neoplasia, also for early diagnosis of cancer, 
staging, prognostication and choice of treatment. Southern blotting 
is not sufficiently sensitive, and FISH is lengthy and complex. 
Real-time quantitative PCR overcomes both these limitations, and 
is a sensitive and accurate method of analyzing large numbers of 
samples in a short time. It should find a place in routine clinical 
gene dosage. 
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Induction of apoptpsis by Apo-2 Ligand, a ne\y member of the tumor necrosis 
factor cytokine family. /. Biol. Chem. 271, 12687-12690 (1996).. 
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40. Marsters, S., Pitti, R., Donahue, C, Rupert, S., Bauer, K., and Ashkenazi, A. 
Activation of apoptosis by Apo-2 ligand is independent of F ADD but blocked by 
CrmA. Curr. Biol. 6, 1669-1676 (1996). 

41. Marsters, S., Skubatch, M., Gray, C, and Ashkenazi, A . Herpesvirus entry 
mediator, a novel member of the tumor necrosis factor receptor family, activates 
the NF-kB and AP-1 transcription factors. J. Biol. Chem. 272, 14029-14032 
(1997). ' 

42. Sheridan, J., Marsters, S., Pitti, R., Gumey, A., Skubatch, M., Baldwin, D., 
Ramakrishnan, L., Gray, C, Baker, K., Wood, W.I., Goddard, A., Godowski, P., and 
Ashkenazi. A. Control of TRAIL-induced apoptosis by a family of signaling and 
decoy receptors. Science 211, 818-821 (1997). 

43. . Marsters, S., Sheridan, J., Pitti, R., Gumey, A., Skubatch, M., Balswin, D., Huang, A., 

Yuan, J., Goddard, A., Godowski, P., and Ashkenazi. A. A novel receptor for 
Apo2L/TRA[L contains a truncated death domain. Curr. Biol. 1, 1003-1006 (1997). 

44. Marsters, A., Sheridan, J., Pitti, R., Brush, J., Goddard, A., and Ashkenazi. A. 
Identification of a Ugand for the death-domain-containing receptor Apo3. Curr. Biol 
8,525-528(1998). 

45. Rieger, J., Naumann, U., Glaser, T., Ashkenazi. A ., and Weller, M. Apo2 Ugand: 
a novel weapon against malignant glioma? FEBS Lett. 427, 124-128 (1998). 

46. Pender, S., Fell, J., Chamow, S., Ashkenazi. A ., and MacDonald, T. A p55 TNF 
receptor immunoadhesin prevents T cell mediated intestinal injury by inhibiting 
matrix metalloproteinase production. Immunol. 160, 4098-4103 (1998). 

47. Pitti, R., Marsters, S., Lawrence, D., Roy, Kischkel, F., M., Dowd, P., Huang, A., 
Donahue, C, Sherwood, S., Baldwin, D., Godowski, P., Wood, W., Gumey, A., 
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amplification of a decoy receptor for Fas ligand in lung and colon cancCT. Nature 
396,699-703(1998). 

48. Mori, S., Marakami-Mori, K., Nakamura, S., Ashkenazi. A ., and Bonavida, B. 
Sensitization of AIDS Kaposi's sarcoma cells to Apo-2 Ugand-induced apoptosis 
by actinomycin D. J. Immunol. 162, 5616-5623 (1999). 

49. Gumey, A. Marsters, S., Huang, A., Pitti, R., Mark, M., Baldwin, D., Gray, A., 
Dowd, P., Brush, J., Heldens, S., Schow, P., Goddard, A., Wood, W., Baker, K., 
Godowski, P., and Ashkenazi. A: Identification of a new member of the tumor 
necrosis factor family and its receptor, a human ortholog of mouse GITR. Curr. 

9, 215-218 (1999). 
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50. Ashkenazi, A ., Pai, R., Fong, s., Leung, S., Lawrence, D., Marsters, S., Blackie, 
C, Chang, L., McMurtrey, A., Hebert, A., DeForge, L., Khoumenis, I., Lewis, D., 
Harris, L., Bussiere, J., Koeppen, H., Shahrokh, Z., and Schwall, R. Safety and 
anti-tumor activity of recombinant soluble Apo2 ligand. J. Clin. Invest. 104, 155- 
162 (1999). 

51. Chuntharapai, A., Gibbs, V., Lu, J., Ow, A., Marsters, S., Ashkenazi, A., De Vos, 
A., Kim, K.J. Determination of residues involved in ligand binding and signal 
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cells - involvement in NK cell-mediated cytotoxicity. Cytokine 11, 664-672 
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. R.F.. Ashkenazi. A. and de Vos, A.M. Triggering Cell Death: The Crystal 
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55. Hymowitz, S.G., O'Connel, M.P., Utsch, M.H., Hurst, A., Totpal, K., Ashkenazi, 
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Ashkenazi. A. Apo2L/TRAIL-dependent recruitment of endogenous FADD and 
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Leung, S., Khan, L., Gliniak, B., Bussiere, J., Smith, C, Strom, S., Kelley, S., 
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Koeppen. H.. Ashkenazi. A ., and Kim, K.J. Isotype-dependent inhibition of 
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166,4891-4898(2001). 
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64. Wang, H., Marsters, S. A., Baker, T., Chan, B., Lee, W.P., Fu, L., Tumas, D., Yan, 
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1. Ashkenazi, A., Peralta, E., Winslow, J., Ramachandran, J., and Capon, D., J. 
Functional role of muscarinic acetylcholine receptor subtype diversity. Cold 
Spring Harbor Symposium on Quantitative Biology. LIII, 263-272 (1988). 

2. Ashkenazi. A ., Peralta, E., Winslow, J., Ramachandran, J., and Capon, D. 
Functional diversity of muscarinic receptor subtypes in cellular signal 
transduction and growth. Trends Pharmacol ScL Dec Supplement, 12-21 (1989). 

3. Chamow, S., Duliege, A., Ammann, A., Kahn, J., Allen, D., Eichberg, J., Bym, 
R., Capon, D., Ward, R., and Ashkenazi. A . CD4 inflnunoadhesins in anti-HIV 

. therapy: new developments. Int. J. Cancer Supplement 7, 69-72 (1992). 

4. Ashkenazi. A .. Capon, and D. Ward, R. Lranunoadhesins. Int. Rev. ImmunoL 10, 
217-225(1993). 

5. Ashkenazi. A ., and Peralta, E. Muscarinic Receptors. In Handbook of Receptors 
and Channels. (S. Peroutka, ed.), CRC Press, Boca Raton, Vol. I, p. 1-27, (1994). 

6. Krantz, S. B., Means, R. T., Jr., Lina, J., Marsters, S. A., and Ashkenazi, A. 
Inhibition of erythroid colony formation in vitro by gamma interferon. In 
Molecular Biology of Hematopoiesis (N. Abraham, R. Shadduck, A. Levine F. 
Takaku, eds!) Intercept Ltd. Paris, Vol. 3, p. 135-147 (1994). 

7. Ashkenazi. A . Cytokine neutralization as a potential therapeutic approach for 
SIRS and shock, y. 5io(ec/i«o/ogy m /fea/f/icare 1, 197-206 (1994). 

8. Ashkenazi. A .; and Chamow, S. M. hnmunoadhesins: an alternative to human 
monoclonal antibodies. Ifnmunomethods: A companion to Methods in 
£/izi/no/ogy 8, 104-115 (1995). 

9. Chamow, S., and Ashkenazi. A . Immunoadhesins: Principles and Applications. 
Trends Biotech. Ui 52-60 {1996). 

10. Ashkenazi. A ., and Chamow, S. M. Immunoadhesins as research tools and 
therapeutic agents. Curr. Opin. Immunol. 9, 195-200 (1997). 

11. Ashkenazi. A ., and Dixit, V. Death receptors: signaling and modulation. Science 
281, 1305-1308(1998). 

12. Ashkenazi. A ., and Dixit, V. Apoptosis control by death and decoy receptors. 
Cwrr. qpin. Ce/Z. 5zo/. 11, 255-260 (1999). 
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13. Ashkenazi. A . Chapters on ApoZLTTRAIL; DR4, DR5, DcRl, DcR2; and DcR3. 
Online Cytokine Handbook ( www.apnet.com/cvtokinereferenceA ). 

14. Ashkenazi. A . Targeting death and decoy receptors of the tumor necrosis factor 
. superfamily. Nature Rev. Cancer 2, 420-430 (2002). 

15. LeBlanc, H. and Ashkenazi. A . Apoptosis signaling by Apo2L/TRAIL. Cell Death 
and Differentiation 10, 66-15 (2003). 

16. Almasan, A. and Ashkenazi. A . Apo2L/TRAIL: apoptosis signaling, biology, and 
potential for cancer therapy. Cytokine and Growth Factor Reviews 14, 337-348 
(2003). . ., ■ . 

Book: 

Antibody Fusion Proteins (Chamow, S., and Ashkenazi. A ., eds., John Wiley and 
Sons Inc.) (1999). . . 

Talks: 

1. Resistance of primary HIV isolates to CD4 is independent of CD4-gpl20 binding 
affinity. UCSD Symposium, HIV Disease: Pathogenesis and Therapy. 
Greenelefe, FL, March 1991. 

2. Use of immuno-hybrids to extend the half-hfe of receptors. DBC conference on 
Biopharmaceutical Halflife Extension. New Orleans, LA, June 1992. 

3. Results with TNF receptor hnmunoadhesins for the Treatment of Sepsis. IBC 
conference on Endotoxemia and Sepsis. Philadelphia, PA, June 1992. 

4. Immunoadhesins: an alternative to human antibodies. IBC conference on 
Antibody Engineering. San Diego, CA, December 1993. 

5. Tumor necrosis factor receptor: a potential therapeutic for human septic shock. 
American Society for Microbiology Meeting, Atlanta, GA, May 1 993 . 

6. Protective efficiacy of TNF receptor immunoadhesin vs anti-TNF monoclonal 
antibody in a rat model for endotoxic shock. 5th International Congress on TNF. 
Asilomar, CA, May 1994. 

7. Interferon-y signals via a multisubunit receptor complex that contains two types of 
polypeptide chain. American Association of immimologists Conference. San 
Franciso,CA, July 1995. 

8. Immunoadhesins: Principles and Applications. Gordon Research Conference on 
Drug Delivery in Biology and Medicine. Ventura, CA, February 1996. 
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9. Apo-2 Ligand, a new member of the TNF family that induces apoptosis in tumor 
cells. Cambridge Symposium on TNF and Related Cytokines in Treatment of 
Cancer. Hilton-Head, NC, March 1996. 

10. Induction of apoptosis by Apo2 Ligand. American Society for Biochemistry and 
Molecular Biology, Symposium on Growth Factors arid Cytokine Receptors. New 

Orleans, LA, June, 1996. 
IL Apo2 ligand, an extracellular trigger of apoptosis. 2nd Clontech Symposium, 

Palo Alto, CA, October 1996. 

12. Regulation of apoptosis by members of the TNF ligand and receptor families. 
Stjmford University School of Medicine, Palo Alto, CA, December 1996. 

13. Apo-3: ahovel receptor that regulates cell death and inflammation. 4th 
International Congress on Immune Consequences of Trauma, Shock, and Sepsis. 
Munich, Germany, March 1997. 

14. New members of the TNF ligand and receptor families that regulate apoptosis, 
inflammation, and immunity. UCLA School of Medicine, LA, CA, March 1 997. 

15. Immunoadhesins: an alternative to monoclonal antibodies. 5th World Conference 
on Bispecific Antibodies. Volendam, Holland, June 1997. 

16. Control of Apo2L signaling. Cold Spring Harbor Laboratory Symposium on 
Programmed Cell Death. Cold Spring Harbor, New York. September, 1 997. 

17. Chairman and speaker, Apoptosis Signaling session. IBC's 4th Annual 
Conference on Apoptosis. San Diego, CA., October 1997. 

1 8 . Control of Apo2L signaling by death and decoy receptors. American Association 
for the Advancement of Science. Philladelphia, PA, February 1998. 

19. Apo2 ligand and its receptors. American Society of Immunologists. San 
Francisco, CA, April 1998. 

20. Death receptors and ligands. 7th International TNF Congress. Cape Cod, MA, 

May 1998. 

21. Apo2L as a potential therapeutic for cancer. UCLA School of Medicine. LA, 
, CA, June 1998. 

22. Apo2L as a potential therapeutic for cancer. Gordon Research Conference on 
Caiicer Chemotherapy. New London, NH, July 1998. 

23; Control of apoptosis by Apo2L. Endocrine Society Conference, Stevenson, WA, 
August 1998. 

24. Control of apoptosis by Apo2L. Memational Cytokine Society Conference, 
Jerusalem, Israel, October 1998. 
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25. Apoptosis control by death and decoy receptors. American Association for 
Cancer Research Conference, Whistler, BC, Canada, March 1999. 

26. Apoptosis control by death and decoy receptors. American Society for 
Biochemistry and Molecular Biology Conference, San Francisco, CA, May 1999. 

27. Apoptosis control by death and decoy receptors. Gordon Research Conference on 
Apoptosis, New London, NH, June 1999. 

28. Apoptosis control by death and decoy receptors. Arthritis Foundation Research 
Conference, Alexandria GA, Aug 1999. 

29. Safety and anti-tumor activity of recombinant soluble Apo2L/TRAIL. Cold 
Spring Harbor Laboratory Symposium on Programmed Cell Death. . Cold Spring 
Harbor, NY, September 1999. 

30. The Apo2L/TRAIL system: therapeutic potential. American Association for 
: Cancer Research, Lake Tahoe,NV, Feb 2000. 

3 1 . Apoptosis and cancer therapy. Stanford University School of Medicine, Stanford, 
CA, Mar 2000. 

32. Apoptosis and cancer therapy. University of Pennsylvania School of Medicine, 
Philladelphia, PA, Apr 2000. 

33. Apoptosis signaling by Apo2L/TRAIL. International Congress on TNF. 
Trondheim, Norway, May 2000. 

34. The Apo2L/TRA]L system: therapeutic potential. Cap-CURE summit meeting. 

Santa Monica, CA, June 2000. 

35. The Apo2L/TRAIL system: therapeutic potential. MD Anderson Cancer Center. 
Houston, TX, June 2000. 

36. Apoptosis signaling by Apo2L/rRAIL. The Protein Society, 14* Symposium. 
San Diego, CA, August 2000. 

37. Anti-tumor activity of Apo2L/TRAIL. AAPS annual meeting. IndianapoUs, IN 

Aug 2000, 

38. Apoptosis signaling and anti-cancer potential of Apo2L/TRAIL. Cancer Research 
Institute, UC San Francisco, CA, September 2000. 

39. Apoptosis signaling by Apo2L/TRAIL. Kenote address, TNF family 
Minisymposiurn, NIH. Bethesda, MD, September 2000. 

40. Death receptors: signaling and modulation. Keystone symposium on the 
Molecular basis of cancer. Taos, NM, Jan 2001 . 

41. Preclinical studies of Apo2L/TRAIL in cancer. Symposium on Targeted therapies 
in the treatment of lung cancer. Aspen, CO, Jan 2001. 
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42. Apoptosis signaling by Apo2L/TRAlL. Wiezmann Institute of Science, Rehovot, 
Israel, March 2001. 

43. Apo2L/TRAIL: Apoptosis signaling and potential for cancer therapy. Weizmann 
Institute of Science, Rehovot, Israel, March 200 1 . 

44. Targeting death receptors in cancer with Apo2L/TRAIL. Cell Death and Disease 
conference, North Faknouth, MA, Jun 2001. 

45. Targeting death receptors in cancer with Apo2L/TRAIL. Biotechnology 
Organization conference, San Diego, CA, Jun 2001, 

46. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Gordon Research 
Conference on Apoptosis, Oxford, UK, July 200 1 . 

47. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Cleveland Clinic 
Foundation, Cleveland, OH, Oct 2001. 

48. Apoptosis signaling by death receptors: overview. Intemational Society for 
Interferon and Cytokine Research conference, Cleveland, OH, Oct 2001 . 

49. ^ Apoptosis signaling by death receptors. American Society of Nephrology 

Conference. San Francisco, C A, Oct 200 1 . 

50. Targeting death receptors in cancer. Apoptosis: commercial opportunities. San 
Diego, CA, Apr 2002. 

51. . Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Kimmel Cancer 

Research Center, Johns Hopkins University, Baltimore MD. May 2002. 

52. Apoptosis control by Apo2L/TRAIL. (Keynote Address) University of Alabama 
Cancer Center Retreat, Birmingham, Ab. October 2002. 

53. Apoptosis signaling by Apo2L/TRAIL. (Session co-chair) TNF mtemational. 
conference. San Diego, CA. October 2002. 

54. Apoptosis signaling by Apb2L/TRAIL. Swiss Institute for Cancer Research 
(ISREC). Lausanne, Swizerland. Jari 2003. 

55. Apoptosis induction with Apo2L/TRAIL. Conference on New Targets and 
Innovative Strategies in Cancer Treatment. Monte Carlo. February 2003. 

56. Apoptosis signaling by Apo2L/TRAIL. Hemielin Brain Tumor Center 
Symposium on Apoptosis. Detroit, MI. April 2003. 

57. Targeting apoptosis through death receptors. Sixth Aimual Conference on 
Targeted Therapies in the Treatment of Breast Cancer. Kona, Hawaii. July 2003. 

58. Targeting apoptosis through death receptors. Second Intemational Conference on 
Targeted Cancer Therapy. Washington, DC. Aug 2003. 
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11. Ashkenazi, A. AP0-2LI and APO-3 polypeptide antibodies. US patent 6,469,144 Bl 
(Oct 22, 2002). 

12. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
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Sir: 

I, Thomas D. Wu, M.D., Ph.D., do hereby declare and say as follows: 

1 . I am a Senior Scientist in the Department of Bioinformatics at Genentech, Inc., South San 
Francisco, California 94080. 

2. From 1999 to the present time, I have been the group leader for microarray informatics 
and analysis at Genentech. Duiing this time, my responsibilities have included 
developing novel microarray algorithms for identifying genes with informative 
expression pattems and those with differential expression in subsets of tumors, for 
identifying targets useful in the therapy and diagnosis of cancer in humans. In addition, I 
have contributed to the discovery of several hundred cell surface markers specific for 
cancerous tvmiors in humans. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to and 
forms part of this Declaration (Exhibit A). 

4. I am aware that the claims of the above-identified patent appUcation have been rejected 
under 35 U.S.C. § 101 as allegedly lacking patentable utility and/or under 35 U.S.C. 

§ 1 12, first paragraph, as allegedly failing to teach one skilled in the art how to use the 
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claimed invention, due to the alleged failure to disclose a patentable utility therefor. I 
understand the Patent Office alleges that the gene amplification data do not support the 
conclusion that PR0274 shows a positive correlation with lung cancer because PR0274 
was only amplified in 3 out of 18 human lung tumor samples disclosed in the above- 
identified application. Furthermore, I understand the Patent Office alleges that, even if 
the data demonstrated such correlation, the utility of the PR0274 nucleic acid in 
detecting and/or diagnosing cancerous tumors does not carry over to the polypeptide and 
antibody claims. 

5. I am familiar with a variety of techniques known in the art for studying differential gene 
expression in human tumor cells relative to normal cells, at genomic DNA, mRNA and 
protein levels and for detecting overexpression of genes in cancer. 

6. My group has been analyzing differential expression of various genes in tumor cells 
relative to normal cells using a well known technique of microarray analysis. One type 
of microarray technology used by me and my group is that developed by Affymetrix and 
that is widely used by, and well-known to, one of skill in the art. 

1. The microarray data from tissue samples from various human lung tumors were studied 
for the expression of mRNA of certain PRO polypeptides, including PR0274, relative to 
non-cancerous human lung tissue. 

8. I used the data generated from microarray technology developed by Affymetrix to detect 
overexpression of UNQ241, also known as DNA3 9987-1 184, the gene encoding the 
PR0274 polypeptide, in various lung tumors. 

9. Two groups of experimental data were generated for each microarray experiment. In one 
group of data, tissue samples from healthy patients without cancerous lung tumors were 
obtained and analyzed for the PR0274 mRNA expression using microarray technology. 
In the second group of data, various types of cancerous human lung tumor tissues from 
lung cancer patients were obtained and analyzed for the PR0274 mRNA expression. 

10. At least three sets of microarray experimental data comparing the two groups of patients 
were generated. The patients in each experimental data set were different. In the first set 
of microarray experimental data, tissue samples were obtained from 19 healthy patients 
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and from at least 76 patients having following types of lung tumors: (1) squamous cell 
carcinoma, (2) adenocarcinoma, (3) carcinoma, large cell. In the second set of 
microarray data, tissue samples were obtained from 26 healthy patients and at least 142 
patients with following types of lung tumors: (1) squamous cell carcinoma, (2) 
adenocarcinoma, (3) carcinoma, large cell, (4) carcinoma, small cell and (5) carcinoma, 
unspecified non-small cell. In the third set of microarray experimental data, tissue 
samples were obtained from 26 healthy patients and at least 142 patients with following 
types of lung tumors: (1) squamous cell carcinoma, (2) adenocarcinoma, (3) carcinoma, 
large cell, (4) carcinoma, small cell and (5) carcinoma, unspecified non-small cell. 

11. A linear plot of the microarray data from the two groups of patients was generated for the 
three sets of experimental microarray data and their expression levels of mRNA were 
compared. For a lung cancer patient group, a plot illustrating the mRNA expression 
levels for each type of lung tumor was also generated for analysis. Therefore, I was able 
to determine the number of patients with a specific type of lung tumor with abnormal 
expression levels relative to the expression levels in the healthy patients. 

12. All three sets of data comparing the PR0274 mRNA expression levels of the two patient 
groups indicate that for each type of lung tumor mentioned above at least 1 0% or greater 
of the patients with that type of lung tumor have overexpressed levels of PR0274 mRNA 
in their tissue samples compared to normal lung tissue samples from patients without 
lung cancer. The greatest overexpression was seen in tissue samples from patients with 
the following types of lung tumors: (1) squamous cell carcinoma, (2) adenocarcinoma, 
(3) carcinoma, unspecified non-small cell. 

13. It is my considered opinion that when, the mRNA of a gene is overexpressed in at least 
about 10% of the lung tumors of the same type, the gene is biologically significant as a 
lung tumor marker. It is well known in the art that a lung tumor marker that is uniformly 
expressed in each type of lung timior is very rare. Therefore, a gene that is overexpressed 
in at least 10% of a type of lung tumor would have a positive correlation with lung 
tumors. 

14. It is my considered scientific opinion that identifying patients having a gene, such as 
PR0274 gene that is overexpressed in at least 10% of the lung cancer patients, would 
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provide significant information for diagnosis and treatment since it would enable more 
accurate tumor classification and hence better determination of a suitable therapy. 

15. I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so 
made are punishable by- fine or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful statements may jeopardize the validity of the 
application or any patent issued thereon. 
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Thomas D. Wu, M.D.> Ph.D. 

Home: 41 Nevada Street, San Francisco, CA 94110, 415-642-91^3 
Work: 1 DNA Way. South San Francisco, CA 94080, 650-225-5672 
Electronic mail: twu@gene.com 



EDUCATION Stanford University Hospitals, Stanford, California 

Internship and residency, Internal Medicine [Clinical Investigator Pathway], 1992-1994 

Massachusetts Institute of Technology, Cambridge, Massachusetts 

Ph.D., Computer Science, 1985-1992 

George M. Sprowls Award for the most outstanding doctoral dissertation in the 
Department of Electrical Engineering 8c Computer Science 

Dissertation: A Decompositional Search Algorithm for Efficient Diagnosis of Mul- 
tiple Disorders (Committee: Ramesh Patil, Ph.D., Peter Szolovits, Ph.D., and 
Randall Davis, Ph.D.) 

Harvard Medical School, Boston, Massachusetts 

M.D. [Health Sciences and Technology curriculum] , 1984-1992 

Honors evaluations in all core clinical clerkships 
Stanford University, Stanford, California 

M,S., Electrical Engineering [Area: Statistical Signal Processing], 1983-1984 

B.S. with Distinction and Honors, Electrical Engineering 8c Biological Sciences, 1980-1983 

Frederick Emmons Terman Engineering Award for highest academic ranking 

(awarded to 7 students in Electrical Engineering) 

Honors theses: A Mathematical Model of the Multicalyceal Kidney (Biological 
Sciences); The Diffusion of Home Computers (Values, Technology, & Society) 

EXPERIENCE Genentedi, Inc., Department of Bioinformatics, South San Francisco, California 

Senior Scientist, zooi-present 

Scientist, 1999-2001 

Group leader for microarray informatics and analysis for the entire research 
department. Supervise 5 employees who are responsible for imaging hard- 
ware, image analysis, database entry and annotation, software development, 
and data mining. 

Designed a custom Affymetrix microarray containing ail known and predicted 
transmembrane proteins , for use in identifying therapeutic targets . 

Developed novel microarray algorithms for identifying genes with informative 
expression patterns and those with differential expression in subsets of tumors. 
Developed analytical tools for performing associative mining in large gene ex- 
pression databases (blist). 
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Developed novel sequence analysis algorithms for identifying coding regions 
in cDNA sequences in the presence of sequence errors (ester) and for identi- 
fying transmembrane and signal peptides in protein sequences (tmdetect). 

Discovered several hundred cell surface markers specific for tumors. Discov- 
ered the majority of drug targets for the Himor Antigen Project. Searched ex- 
haustively for tissue-specific genes in the human genome, and characterized 
their biological properties. 

Developed a genomic alignment program (snap) that is more accurate and 
faster than existing methods. Applied this program to map all available cDNA 
sequences to the human and mouse genomes. 

. Implemented graphical, interactive programs for viewing aUgiunents between 
genomic and transcribed DNA (seqview) and for viewing and analyzmg gene 
expression data (maview). 

Stanford School of Medicine, Biochemisu-y Department (Adviser: Douglas Brudag, PLD.) 

Howard Hughes Medical Institute Physician Postdoctoral Fellow. 1996-^999 

National library of Medicine Postdoctoral Fellow, 1994-1996 

Developed methods for detecting protein motifs with optimal accuracy, using 
regular expressions (emotie) and scoring matrices (emathix) 

Developed techniques for performing superposition of multiple protein struc- 
tures using regression techniques (mpose) 

Developed a combinatorial algorithm for identifying regulatory elements in ge- 
nomic sequences (prism) 

Developed a segment-based dynamic programming algorithm for predicting 
gene structure (segue) and explored statistical models for predicting alterna- 
tive splice sites 

FELLOWSHIPS AND HONORS 

Physician Postdoctoral Fellowship, Howard Hughes Medical Institute, 1996-1999 
One of 38 fellows selected among 283 applicants nationwide 

National Library of Medicine Postdoctoral Fellowship, Stanford University Section on 
Medical Informatics, 1994-1996 

Nominated for Chief Residency in .Internal Medicine, Stanford Residency Training Pro- 
gram, 1993 

George M. Sprowls Award, Massachusetts Institute of Technology, 1993 

Most outstanding dissertation. Department of Electrical Engineering & Com- 
puter Science 

Nominee, Distinguished Dissertation Award, Association for Computing Machinery, 1993 
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Sigma Xi» Massachusetts Institute of Technology, 1991 

Martin Epstein Award, American Medical Informatics Association, 1990 

First place, student paper competition, Symposium on Computer Applications 

in Medical Care 

Medical Scientist Training Program Fellowship, Harvard Medical School, 1985-1992 
Tau Beta Pi National Engineering Fellowship, 1983-1984 
Phi Beta Kappa, Stanford University, 1983 

Frederick Emmons Terman Engineering Award, Stanford University, 1983 

Tau Beta Pi Laureate Award, 1983 

One of three awards among all engineering undergraduates nationwide 

Dean's Award for Service, Stanford University, 1983 

One of two awards among all imdergraduates for contributions to Stanford 

University and its students 

Distinguished Service Award, Stanford School of Engineering, 1983 
Tau Beta Pi, Stanford University, 1982 

CERTIFICATIONS 

Diplomate, American Board of Internal Medicine, 1995 (certificate 166357) 

Examination scores in the 8th decile (core component) and 9th decile (non- 
core component) 

Physician's and Surgeon's License, Medical Board of California, 1993 (license G77862) 

TEACHING AND ADVISING EXPERIENCE 

Biology 7200, Advanced Bioinformatics, California State University, Hayward, 2003. Guest 
lecture on Bioinformatics at Genentech. 

Professional Development Series, Genentech Bioinformatics Department, 2000-present 

Organized a weekly series of seminars for sharing knowledge and techniques 
within the department. Taught courses in graphical user interfaces, statistics, 
microarray data analysis, and client/server application programming. 

Biochemistry 218, Computational Molecular Biology, Stanford University, 1996-1999- Five 
lectures on the topics of Profile Methods, Predicting Gene Structure, and Protein Motifs 

Biology 227, Mathematical and Computational Molecular Biology, Stanford University, 
1996. Lecture on Predicting Gene Structure. 

Mentor, Asian-American Interactive Mentoring Program, Stanford University, i995-i996 
Adviser and Proctor, Board of Freshman Advisers, Harvard College, 1987-1992 
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Served as primary academic adviser arid counselor in residence to 109 fresh- 
man over 5 years. Organized and led community and social activities in fresh- 
man dormitories. 

PROFESSIONAL ANI> ACADEMIC SERVICE 

Scientific Review Panel, National Cancer Institute, 2004 

Scientific Committee, Critical Assessment of Microarray Data Analysis, 2002-present 
Steering Committee, Bay Area Bioinformatics Discussion Group, 2000-2002 
Program Committee, International Conference on Intelligent Systems in Molecular Biol- 
ogy, 1998-1999 

Committee on the Writing Requirement, Massachusetts Institute of Tfechnology, 1986- 
1988 

ADDITIONAL INFORMATION 

Extensive experience in software development, including expertise in programming lan- 
guages (C, C++, Peri, lisp, Unix shell), multithreaded programming, socket interfaces, 
client/server programming, database programming (SQL, PL/SQL, Peri DBI, Oracle ProC, 
. BerkeleyDB), statistical programming (Splus, R, PDL), graphical user interfaces (OpenGL, 
Tcl/Tk), and Web-based programming. 

SOFTWARE LICENSES 

Wu, T. D., Hastie, T, and Schmidler, S. C. Superposition and modeling of multiple protein 
structures. Docket 99-027, Stanford Office of Technology and Licensing. 

Wu, T. D., Nevill-Manning, G., and Brutlag, D. L. Minimal-risk scoring matrices for 
characterizing protein families. Docket 98-130, Stanford Office of Technology and Licens- 
ing. 

Nevill-Manning, C. G., Wu, T D., and Brutlag, D. L Emotif, identify, and scan. 
Docket 97-083, Stanford Office of Technology and Licensing. 

PEER-REVIEWED PUBLICATIONS 

Wu, T D., Watanabe, C. K, and Sun, J., SNAP: A spliced nucleotide alignment program. 
Bioinformatics, in review. 

Smith, v., Shen, E. E, Wieand» D., Landon, T. H., Wong, N. A. C S., Lessells, A, M., 
Paterson-Brown, S., Tang. J, Z, Wu, T. D., Hillan, K. J„ and Penman, L D. Expression 
analysis of the metaplasia-dysplasia-carcinoma sequence in Barrett's esophagus and ade- 
nocarcinoma. Submitted to Nature Medicine. 

Zhang, Y., Eberhard, D. A., Frantz, G. D,, Dowd, R, Wu, T, D., Zhou, Y., Watanabe, C, 
Luoh, S.-M., Polakis, R, HiUan, K. J., Wood, W. L, and Zhang, Z. GEPIS— quantitative 



Thomas D. Wu> M,P.>Ph.D, 



5 



gene e35)ression profiling in normal and cancer tissues. Bioinformatics 20, 2004, 2390- 
2398. 

Jubb, A, M,, Pham> T. Q., Hanby, A. M., Frantz, G, D,, Peale, R V., Wu> T. D., Koeppen, H. 
W, and Hillan, K. J. Expression of vascular endothelial growth factor, hypoxia-inducible 
fector-ia and carbonic anhydrase IX in human tumours. Journal of Clinical Pathology 57, 
2004, 504-512. 

Zhou, Y., Luoh» S-M,, Zhang> Y., Watanabe, C, Wu, T, D., Ostland, M., Wood, W. L, 
and Zhang> Z. Genome-wide identification of chromosomal regions of increased tumor 
expression by transaiptome analysis. Cancer Research 63, 2003, 5781-5784. 

Wu, T. D., Schiffer, C. A., Gonzales, M. J., Taylor, J., Kantor, R., Chou, S., Israelski, D., 
Zolopa, A. R.> Fessel, J.> and Shafer, R. W, Mutation patterns and struaural correlates 
in HIV-i protease following varying degrees of protease inhibitor treatment Journal of 
Virology 77> 2003» 4836-4847. 

Gonzales, J., Wu, T. D., Taylor, J., Belitskaya, L, Kantor, R., Israelski, D., Chou, S., 
Zolopa, A. R„ Fessel, W J., and Shafer, R. W. Extended spectrum of HIV-i reverse tran- 
scriptase mutations in patients receiving multiple nucleoside analog inhibitors. AIDS 17, 
2003, 791-799^ 

Gerritsen, M. E., Soriano, R., Yang, S., higle, G., Zlot, C, Toy, K„ Winer, J., Draksharapu, 
A., Peale, E, Wu, T. D„ and Williams, R M. The use of in silico data fihering to iden- 
tify potential angiogenic targets from a large in vitro gene profile data set. Physiological 
Genomics 10, 2002, 13-20. 

Gerritsen, M, E., Peale, E V., and Wu, T. Gene expression profiling in silico: Relative 
expression of candidate angiogenesis associated genes in renal cell carcinomas. Experi- 
mental Nephrology 10, 2002, 114-119. 

Wu, T. Large-scale analysis of gene expression profiles. Briefings in Bioinformatics 3, 
2002,7-17. 

Wu, T D. Analysing gene expression data from DNA microarrays to identify candidate 
genes. Journal of Pathology 195, 2001, 53-65. 

Wu. T. D., Nevill-Manning C. G., and Brutiag, D. L. Fast probabilistic analysis of sequence 
function using scoring matrices. Bioinformatics 16, 2000, 233-244. 

Wu, T. D.> Nevill-Manning, C. G., and Brutiag, D, L. Minimal-risk scoring matrices for 
sequence analysis. Journal of Computational Biology 6, i999) 219-235. 

Wu, T. D., Schmidler, S. C, Hastie, T., and Brutiag, D. L. Regression analysis of multiple 
protein structures. Journal of Computational Biology 5, 1998, 585-595- 

Chin, R. L., Sporer. K. A., Cullison, B., Dyer, J. E., and Wu, T D. Clinical course of gamma- 
hydroxybutyrate ingestion. Annals of Emergency Medicine 31, 1998, 716-722. 
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Wu, T. D., Schmidler, S. C, Hastie, T., and Brutlag, D. L. Regression analysis of multiple 
protein structures. Proceedings, Second Annual International Conference on Ck)niputa- 
tional Molecular Biology, ACM Press, 1998, 276-284. 

Nevill-Manning» C. G., Wu, T. D., and Brutlag, D. L. Highly specific protein sequence 
motifs for genome analysis. Proceedings of the National Academy of Sciences 95, 1998, 
5865-587I' 

Wu, T. D., Schmidler, S.C., Hastie, T., and Brutlag, L. Superposition and modeling of 
multiple protein structures using afline transformations: Analysis of the globins. Proceed- 
ings, Pacific Symposium on Biocomputing, World Scientific Publishing, 1998, 509-520. 

Nevill-Manning, C. G., Sethi, K,. Wu, T. D., and Brutlag, D, L. Enumerating and rank- 
ing discrete motifs. Proceedings, Fifth International Conference on Intelligent Systems in 
Molecular Biology, AAAI Press, 1997, 202-209. 

Wu, T D., A segment-based dynamic programming algorithm for predicting gene struc- 
ture. Journal of Computational Biology 3, 1996, 375-394- 

Wu, T. D„ and Brutlag, D. L. Discovering empirically conserved amino add substitution 
groups in databases of protein families. Proceedings, Fourth International Conference on 
Intelligent Systems in Molecular Biology, AAAI Press, 1996, 230-240. 

Wu, T. D., and Brutlag, D. L. Identification of protein motifs using conserved amino acid 
properties and partitioning techniques. Proceedings, Third International Conference on 
Intelligent Systems in Molecular Biology, AAAI Press. 1995> 402-410- 

Wu, T D. A problem decomposition method for efficient diagnosis and interpretation of 
multiple disorders. Computer Methods and Programs in Biomedicine 35, i99i» 239-^50- 

Wu, T. D. Probabilistic evaluation of candidate sets for multidisorder diagnosis. In R P. 
Bonissone, M. Henrion, L. N. Kanal, and J. Lemmer, editors. Uncertainty in Artificial In- 
telligence, Elsevier Press, Amsterdam, 1991, 107-115. 

Wu, T. D. Domain structure and the complexity of diagnostic problem solving. Proceed- 
ings, Ninth National Conference on Artificial Intelligence, AAAI Press, i99i> 855-861. 

Wu, T. D. Probabilistic evaluation of candidate sets for multidisorder diagnosis. Proceed- 
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of multiple disorders. Proceedings, Fourteenth Symposium on Computer Applications in 
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proach. Proceedings, Eighth National Conference on Artificial Intelligence, AAAI Press, 
1990, 357-364. 
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DECLARATION OF PAUL POLAKIS, Ph.D. 
I, Paiil Polakis, Ph.D., declare and say as follows: 

I was awarded a Ph.D. by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2 lamcurrentlyemployedby Genentech, Inc. where my job title is Staff 
Scientist. Since joining Genentech in 1 999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
with a primary focus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. 

3. As part of the Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells; 
The purpose of this research is to identify proteins that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins "tumor antigen proteins", When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein. 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic ih tfie treatment of human cancer. 

4. In the course of the research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells, 
at genomic DNA, mRNA and protein levels. An important example of one such 
technique is the well known and widely used technique of microarray analysis 
which has proven to be extremely useful for the identification of mRNA molecules 
that are differentially expressed in one tissue or cell type relative to another. In the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 

significantly W^er-levels^h£m-ineofFesponding^ionnd4iimian-cell& we- 

have generated antibodies that bind to about 30 of the tumor antigen proteins 
expressed from these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From the mRNA and protein expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 






expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have fovmd that increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor eel! relative 
to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made oh information or belief are believed to be true, 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful 
statements may jeopardize the validity of the application or any patent issued 
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1. Polakis, P G. and Wilson, J. E. 1982 Purification of a Highly Bindable Rat Brain 
Hexokinase by High Performance Liquid Chromatography. Biochem. Biophys. 
Res. Commun. 107, 92f7-943. 

2. Polakis, P.G: and Wilson, J. E. 1 984 Proteolytic Dissection of Rat Brain 
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Trypsin. Arch. Biochem. Biophys. 234. 341-352. 
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Biochem. Biophys. 236. 328-337. 

4. Uhlng. R.J.. Polakis.P.G. and Snyderman. R. 1987 Isolaton of GTP-binding 
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6. Uhing, R. J., Dillon, S.. Polakis, P. G., Truett, A. P. and Snydemian, R. 1988 
Chemoattractant Receptors and Signal transduction Processes in Cellular and 
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7. Polakis, P.G., Evans. T. and Snyderman 1989 Multiple Chromatographic Forms 
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binding Proteins. Biochem. Biophys. Res. Commun. 161. 276i-283. 
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GTP-binding Protein Containing a Novel Putative Nucleotide Binding Domain. 
Biochem. Biophys. Res. Comun. 160, 25-32. 

9. Polakis, P., Weber,R.F.. Nevins.B., DIdsbury, J. Evans,T. and Snydemian, R. 
1989 Identification of the ral and raci Genie Products, Low Molecular Mass GTP- 
binding Proteins from Human Platelets. J. Biol. Chem. 264, 1 6383-1 6389. 
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1991 A Synthetic Peptide Corresponding to a Sequence in the GTPase Activating 
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amino acid 299 to about anuno acid 314, firom about amino acid 348 to about amino acid 373. from about amino 
add 406 to about anrino acid 421 . from about amiao acid 435 to about anmio arid 456, and frran about anuno add 
480 to about anuno acid497; anN-glycosylationsitefromabout amino acldSOO to about amino acld504; acAMP- 
and c(aiP-<tepeadent protein kinase phosphoryMon from about amino acid 321 to 

5 myristoyladon sites from about amino add 13 to about amino add 19, from about amino add 18 to about amino 
add 24, from about an^no add 80 to about amino add 86, from about amino acid 111 to about anino acid 117, 
from about amino acid 1 18 to about amino add 124. from about amino add 145 to about amino add 151. from 
about amino add 238 to abom anuno acid 244. from about anrino acid 251 to about amino add 257, from about 
amino add 430 to about amino add 436. from about amino add 433 to about amino acid 439, from about ao^ 

10 acid 448 to about amino add 454, fromaboutandno add 458 to aboulanino add 464, frxxaabout anuno add 
to about anino add 474, fromabout anuno add 475 to about amino acid481. fromabout anuno add 496 to about 
andno add 502, and fromabout amino add 508 to about andno add 514; and a^kaiyotic membrane Hpoprotdn 
Upid attachment site frran about anuno add 302 to about amino add 3 13. Clone DNA97003-2649 has been 
depodted witli the ATCC on May 11. 1999 and is assigned ATCC deposit no. PTA-43. 

15 An analysis of the Dayhoff database (version 35.45 SwissProt 35). using a WU-BLAST2 sequence 

alignment analysis of tbe fuU-length sequence shown in Figure 70 (SEQ ID NO:70). evidenced significant 
homology between the PRO4980 amino add sequence and the followli« D^ofif sequences: SC59_YEAST, 
S76857, CELF31F4_12, AC002464_1. NUSMJCHOCR. S59109. SAY10108_2, AF055482^ F69049, and 
G70433. 

20 EXAMPIE26 

Gene AmoHficadon 

This example Shows that tliePR0197-. PRO207-. PR022<H, PR023a.. PR0243-. H10256-. PRC^ 
PRO274-.PRO304.,PRO339-,PROl558-.PRO779-,PROU85.,PRO1245-,PRO1759-.PRO5775-.PRO7133-, 

PR07168-, PR05725-, PRO202., PRO206-, PR0264.. PR0313-, PR(»42.. PR0542-, PR0773-. PR0861-, 

25 PRO1216-.PRO1686-.PROI800..PRO3562.;PRO9850-.PRO539-,PRO4316-orPRO49B0^codinggenesare 

mpMed in the genome of certain human lung, colon and/or breast cancers and/or cell Unes. AmpUfication is 
associated with overexpression of the gene product, indicating that the polypeptides are useful targets for 
therapeutic intenrention in certain cancers sudi as colon, lung, breast and other cancers. Therapeutic agents may 
tal« the form of antagonists of PR0197. PRO207, PR0226, PR0232, PR0243. ER0256. PR0269. PR0274. 
30 PRO304, PR0339. PR01558, PR0779, PROn85, PR01245, PR01759, PR05775, ER07133. PR07168. 
PR05725, PRO202, PRO206. PR0264, PR0313. PR0342. PR0542, PR0773. PR0861. PR01216, PR01686. 
■ PRO1800, PR03562. PRO9850, PR0539. PR04316 or PRO4980 polypeptides, for example, murine-human 
chimeric, humanized or human anUbodies against a PR0197. PRO207, PR0226. PR0232, PR0243. PR0256. 
PR0269.PR0274,PRO304.PRO339,PRO1558.PRO779,PRO1185.PR01243,PRO1759.PRO5775.PRO7133. 

35 PR07168, PR05725, PRO202. PRO206. PR0264. PR0313, PR0342. PR0542, PR0773, PR0861. PR01216. 
PR01686. PROISOO, PR03562. PRO9850. PR0539. PR04316 or PRCH980 polypeptide. 

Hw starting material fw the screen was genomic DNA isdated from a vaiieOr of cancas. Tie DMA is 
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quantitated precisely, c.^.. fluorometricaUy. As a negative control, DNA was isolated from the cells of ten normal 
healAy individuals which was pooled and used as assay controls for tfie gene copy in healthy individuals (not 
shown). The 5' nuclease assay (for exaixq)le, TaqMan™) and real-time quantitative PGR (fw cxanqjle, ABI Prizro 
7700 Sequence Detection System™ (Peddn EUner, AppUed Biosystente Diwsion, Foster City, CA)), were used 
5 to find genes potentially an^ilified in ccrtdn cancers. Tbc results were used to detennine whether the DNA 
encoding PROW. PROm PR0226. PR0232, PR0243, PR0256, PR0269, PR0274, PRO304, PR0339. 
PR01558. PR0779» PROX185. PRO 1245. PR01759, PR05775. PR07133, PR07168, PR05725, PRO202, 
PRO206, PR0264. PR0313. PR0342, PR0542. PROT73, PR0861, PR01216. PR01686. PRO1800» PR03562. 
PRO9850, PR0539, PR04316 or PRO4980 is over-represented in any of the primary lung or colon cancers or 

10 cancer ceU lines or breast cancer cdlUnes that were screened. The primary lung cancers were obtained from 
individuals with tumors of the type and stage as indicated in Table 6. An explanation of the abbreviations used for 
the designation of tfie primary tumors listed m Table 6 and the primary tumors and ceU lines referred to throughout 
tius exar^pk has been gjven hereinbefore. 

The results of the TaqMan*^ are reported in delta (A) Ct units. One unit corresponds to 1 PGR cycle or 

15 approximately a 2-fold amplification relative to normal, two units corresponds to 4-fold. 3 units to 8-fold 
amplification and so on. Quantitation was obtained using primers and aTaqMan™ fluorescent probe draived from 
the PR0197-. PRO207-, PR0226-, PR0232-, PR0243-. PR0256-. PR0269-. PR0274-, PRO304-» PR0339-. 
PR01558..PR0779.PROn85-.PR01245-.PR01759..PR05775-,PR07133-,PR07168-.PR05725^PR^ 
PRO206-. PR0264-, PR0313-, FR0342r, PR0542-, PR0773-, PR0861-, PR01216-, PR01686-. PRO1800-. 

20 PR03562-. PRO9850-, PR0539-. PR043 1 6- or PRO4980-encoding gene. Regions of PRO 197. PR02a7 , PR0226. 
PR0232. PR0243. PR0256. PR0269, PR0274. PRO304, PR0339. PR01558, PR0779. PR01185. PR01245, 
PRO1759.PRO5775,PRO7l33,PRO7168,PRO5725,PRO202.PRO206,PRO264.PRO313,PRO342,PRO542, 
PROT73,PRO86l.PRO1216,PRO1686,PRO1800,PRO3562,PRO9850.PRO539.PRO43l6orPRO4980whi^^ 
are most likely to contain unique nucleic add sequences and wtach are least likely to have spliced outintrons are 

25 ^cfeartcd for the primer and probe derivation, &^.,3*-untranslated regions. The sequences for the primers and 
probes (forward, reverse and probe) used for the PR0197. PRO207, PR0226, PRP232, PR0243. PR0256. 
PRO269,PRO274,PRO304,PRO339.PRO1558.PRO779,PRO1185.PRO1245.PRO1759.PRO5775,PRO7133, 
PR07168, PR05725, PRO202, PRO206. PR0264. PR0313, PR0342. PR0542. PR0773, PR0861. PR01216, 
PR01686, PRO1800, PR03562, PRO9850, PR0539, PR04316 or PRO4980 gene ampKfication analysis were 

30 as follows: 

PRQ197 (DNA2278Q-1078>: 

22780.tm.f: 

5-GCCATCnQGAAACrroTGGAC-3' (SEQIDNO:133) 
22780.tm.p: 

35 5'-AGAAGACC:ACGACrGGAGAAGCCCXX:-3' (SEQIDNO:134) 
22780.tnLr: 

^•-AGCCCCCCroCACTCAG-S' (SEQ ID NO:135) 
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Pffm07PNA30S7?-llS2): 



5 



30879.tm.f: 

5'.GACCIX3CCCCrcCCrcTAGA-3' 
30879.tm.p: 

5*-CKX:CTGGGCXnX3TrCACGTGTr-3' 



(SEQIDNO:136) 



(SEQIDN0:137) 



30879.t[n.r 

5^<K3AATACTGTArrTATGTGGGATGGA.3* (SEQID N05138) - 

PR0126 (DNA3346Q>1 166^: 
33460.3utr-5: 

10 5 .GCAATAAAGGGAGAAAGAAAGTCCT-3* (SEQ ID N0:139) 
33460.3utr-probe^ 

5^TOA<XCGOXACCTCAGCCA-3* (SEQ ID NO:140) 
33460.3utr.3b: 

5'-GCXTOAGGCTrcCTGCAGT-3' (SEQID N0:141) 

15 PRQ232/I)NA3 4435>n4Q); 
34435.3utr-5: 

5'-GCCAGGCX:TCACATrcGT-3' (SEQ ID NO:142) 
344353utr-prol)e: 

5'<nx:CCrGAATCGCAGCCTGAGCA-3' (SEQ ID NO:143) 

20 34435,3utr-3: 

y-AGGTOTITATrAAGGGCCTACGCr-S* (SEQ ID NO:144) 

35917,tmi: 

S'^CAGTCanrroCTCCTCTG -3' (SEQ ID NO:145) 
25 35917.tDLp: 

5^KK:CTCTACltX:CACCCX:CACTACCT (SEQIDNO:146) 
35917,tnu: 

5'-TCTOGAGCTOTXKJrrCCCA -3' (SEQ ID NO;147) 

PR02S6 (DNA3588Q-1 160): 
30 35880.3utr.5: 

5'.TCTXXTCCCGAGCTCCTCT-3^ (SEQmNO:148) 

35880.3utr-^probe: 

5'-CCATOCroTGCGCCCAGGG-3' (SEQ ID NO:149) 



-140- 



fl 





wo 01^53486 



PCTAISOO/03565 



35880.3utt.3: 

5'-GCACAAACTACACAGGGAAGTCC-3' (SEQ ID NO:150) 

PR0269 fDNA38260-l 180)1 
38260.tnLf, 



39987,tm.p: 

5*-TrcGGCATCATCTX:TIXXCTC^ (SEQ ID NO;155) 
15 39987.tian 

5'-ACAAAAAAAAGGGAACAAAATACGA-3* (SBQID NO:156) 

PRQ304(py^A???20-1217); 
39520,tm.f: 

5'-TCAACCCCTX}ACCCTrrccrA-3' (SEQ ID Np:157) 

20 39520.tin.p: 

5'-OGCAGGGGfACAAGCCATCTCTCCT"3' (SEQID NO:158) 

39520.tmj: 

5^-GGGACroAACIXK:CAGCrTC -3' (SEQID Nai59) 

25 43466.tm.n: 

5*-GGGC(XTAACCTCArrACCrrT^3^ (SEQ ID NO:160) 

43466.tm.pl: 

S'-TOlCTGCXnX^AGCXXCAGGAAGG^y (SEQ ID N0:161) 
43466.tnLrl: 

30 5'-icroia:ACCATCTrocxrrrG -s* (Seq id no:162) 



5 5'-<:AGAGCAGAGGGTGCCriTG"3' 
38260mp: 

5'-TGGCGGAGTCa:CTCTrCK3CT-3* 
38260.tinx: 

5'<:CCTtjITIXXCrATGCATCACT-3' 



(SEQIDN0;15l) 



(SEQID NO:152) 



(SEQIDN0:153) 



10 Py0274 fDNA39987-n84): 
39987,tm.f: 

y-OGACXSGTCAGTCAGGATGACA-S' 



(SEQID NO:154) 



fR01558 (T)NA 71282-1668>: 
71282.toi,fl: 

5'-ACTG(nCCX3CCTACTACGA -3' 



{SEQIDNO:163) 
-141" 
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71282.im.pl: 
7l282.toLrl: 

5'-AAGGCC AAGGTGAGTCCAT -3' 

5 7128^t^Lf2: 

5'-CGAGTGTGTGCGAAACCTAA -3' 

7128ZtiiLp2: 

5'-TCAGGGTCTACATCAGOCICCTGC -3' 

71282.tnLr2: 
10 y-AAGGCX:AAGGTGAGTCCAT-3' 



(SEQIDN0:164) 
(SEQIDNO:165) 
(SEQIDNO:166) 
(SEQIDNO:167) 
(SBQIDNO:168) 



pP077QmNAS880M0S2V. 
58S01.tin.fl: 

5'-aXTATXX3CrcCAGCCAA -3* (SEQ ID NO:169) 

15 58801.bn.pl: 

5'-CGAAGAAGCACGAACGAATGTCGAGA^y (SEQIDNO;170) 

58801.tnLrl: 

5'-CCGAGAAGTrGAGAAATGTClTCA-3» (SEQ ID N0:17i) 

20 62881.tmil: 

5'-ACAGATCCAGGAGAGACrCCACA -3' (SEQ ID NO:172) 

62881.tm.pl: 

5'-AG(XKK:GCrcCCLAGCCTGAAT -3* (SEQ ID NO:173) 
62881.tiarl: 

25 S^-CATCATIXKJTCCItAGTI^ (SEQIDNO:174) 

(DNA64884^1527)i 
64884,tra.fl: 

5*-ATAGAGGGCTCCCAGAAGTG -3' (SEQ ID NO:175) 
64884.tm.pl: 

30 5'^GGGCCrrCAGGGCOTCAC-3* (SEQ ID NO:176) 
64884.tnLrl: 

5'.GCIOVGCCAAACACTGTCA-3' (SEQ ID NO:177) 
64884.tai.f2: 

5'^GGGGCCXTOACAGTGTT -3' (SEQ ID NO:178) 

35 64884.tin.p2: 

5'-CTGAGCCGAGACTCGAGCATCTACAC.3' (SEQ ID NO:179) 
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64884,tmj2: 



5*^TCGGCAGCGTCTTGTC-3' 



(SEQH) NO:180) 



pRO17yQmNA76531-T70n: 
76531.tnLn: 



5 5'-CCTACroAGGAGaXTATGC-3' 

7653LtnLpl: 

S'-^ICTGAGCTCTAACCCCACrcCAGG -3' 



(SEQIDN0:181) 



(SEQIDNO:182) 



76531mrl: 

S^AGAGTCTGTCCCAGCf ATCTIGT -3' 



(SEQIDNO;183) 



10 fpnS77SmNA968e9^2673^: 
96869.tian: 

5'-GGGGAACCATrcCAACATC -3' (SEQ ID NO:184) 
96869.tiapl: 

5'-CCATrCAGCAGGGTGAACCACAG.3» {SEQ ID NO:185) 

15 96869.tmjrl: 

5'-lCiaX}TCACCATOAACTTG-'3' (SEQ ID NO:186) 

ppmiq^ (pNA12y451-2739V 
I2845Ltm.fl: 

S'-TTAGGGAAirroGTGCTCAA-y (SEQ ID NO: 187) 

20 128451.tm.pl: 

S^TTOCrcrcCXnTGCTCTrC^ -3* <SEQ id N0:188) 

I28451.tatrl: 

5'-T0CroCAGTAGGTATITrCAGTrr-^^ (SEQID NO:189) 

25 PRO7168fDNA102846-2742); 
l02846,tnLn: 

5'^AGCCGGTGGTCTCAAAC-3' (SEQ ID NO:190) 
lQ2846.tm.pl: 

5'-CCG<3GGGTCCTAGTCX:CXTK:-3' (SEQIDN0:191) 

30 102846.tiiurl: 

5'-TrrACIXKnGCGCTCCAA.3* (SEQ ID NO;192) 

PRQ5725 rDNA92265-.2669): 
92265.tm.fl: 

5^CAGCTCCAGTCTCC3GAAT-y (SEQ ED NO:193) 



-143- 



wo 01/53486 



PCTAJSOO/03565 " 



92265,tiiLpl: 

. 5'-CACTACAGCAAGAAGCrCGCCAGG -3' (SEQ ID NO:194) 
92265.tm.rl: 

5»-CGCACAGAGTGTGCAAGTrAT -3' (SEQ ID NO:195) 



5 PRQ2Q2rDNA30869^: 
30869.tiiLf: 

S'-CGGAAGGAGGCCAACCA-S' 
30869.tnLp: 

5'-a}ACAGTGCCATCCX:CACCITCA-3' 

10 30869.tm.r: 

5'-TrCTlTCTCCATCCCTCa5A-^ 



(SEQIDNO:196) 
(SEQIDNO:197) 
(SEQmNO:198) 



P|^Q?06(PNA3449y>; 
34405.tnif: 

5'.GCATOGCCCX:AACGGT -3' (SEQ ID NO:199) 

15 34405.tm.p: 

5'-CACX}ACTC AGTATCCATQCrCITGAanT^^ (SEQ ID NO:200) 
34405.tiar: 

SVTCGCTGTAAATACGCCTCTrcry (SEQ ID NO:20l) 

PR0264nDNA36995V 
20 36995.3tni-5: 

5'.CCTGTCAGATIGTGGATGAGAAGA-3' (SEQ ID NO:202) 

36995.3tm-iffobe: 

5'-CCACACCAGCCAGACnx:CAGTrGACC-3' (SEQ ID NO:203) 
36995.3trn-3: 

25 5'-G(K3TGGTGCCCTCCTGA-y (SEQ ID NO:204) 



P^0313 fDNA43320): 
43320.tm.f: 

5'<:CATroTTCAGACGTrGGTCA-y (SEQ ID NO:2Q5) 

43320.tm.p: 

30 5'-CrciGTrAA(nCTAAGATICX:rrAAG^ (SEQIDNO:206) 
43320.tnLr: 

5'-ATCG AGATACSCACrrcAGTrCTGTCG -3' (SEQ ID NO:207) 
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38649.tm.f: 

5'-CTXXK3CTCGCGAAACTACA-3' 
3S649.txn.p: 

5 5*-TGCCCGCACykGACTICTACKK^^ 
38649.tnu:. 

5^GGAGCTACATATCATCCTTCK5AC^^^ 
38649.tn)i2: 

3'-GAGATAAACGACGGGAAGCTCTAC-3' 

10 38649.tnLp2: 

y-ACGCCTACGTCIXXTACAGCGACTGC-y 

' 38649.tinx2: 
S^-GCTOCXKKnTTAGGATGAACyr-y 



(SEQIDNO:208) 
(SEQIDNO:209) 
(SEQIDNO:210) 
(SEQIDN0:2ll) 
(SEQIDNO:212) 
(SEQIDNO:213) 



(SEQIDNO:214) 



15 P pO542<DNA5650Sl: 
56505.tin.fl: 

5'-0:TnK3CCTa::ATITCTGTC -3^ 
56505.tm.pl: 

5'-TCCraCrcAGGCCXATGCrA -3' (SEQ ID NO:215) 

20 56505.tnul: 

5'-GGGTGTAGTCCAGAACAGCTAGAGA-3' (SEQ ID NO;216) 



ppp773fDNA48303^: 
48303.tm.fl: 

y^CXIATrcCCAGCTrCTTG-a' 

25 48303.tin.pl: 

5*.CTCAGAGCCAAGGCKXX:CAGA -3' 

48303.tm.rl: 

5'-TCAAGGACTCAACCATGCTAGA -3' 



(SEQIDN0:217) 
(SEQIDNO:218) 
(SEQIDN0:219) 



30 pi?n«^i mKAScnm: 
50798.tm.fl: 

5'.ACCATGTACTACGTCCCAGCTCTA -3' (SEQ ID NO:220) 
50798.tm.pl: 

5'-ATKnGACnanxnGATriTCGCATO -3' (SEQ ID NO:22l) 

35 50798.tm.rl: 

5VGGCTmAACTCTCCTrATAGGAGTGT-3» (SEQID NO:222) 
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66489.tnLfl: 

5''CTAACroCCCAGCrCCAAGAA.^3» 
66489.tnLpl: 

5*-TCACAGCACTCTCCAGGCACCIC/^ -3* 
66489,tnLrl: 

y-TCTGGGCCACAGATCCACTT-3' 



(SEQIDNO:223) 
(SEQ1DN0:224) 
(SBQIDNO:225) 



(SEQIDNO:226) 



P^Q1fiR6fDNA808961: 
80896.tnLfl: 
10 S^-GCTCAGCCCTAGACCCroACTT -3' 

80896.tnLpl: 

S'-CAGGCrcAGCTXXTOT^ (SEQ ID NO:227) 

80896.txarl: 

5'^GTCGACAGCAGGAGCCT^3' (SEQ ID NO:228) 



15 PRnifiQO mNA 3S672.25Q8^: 
35672.tnLfl: 

5'-A(ntX3GGATrcCTCCTGTr-3* 
3567Ztxarl: 

5'^GCXnt3TCCTGTGTTCTCA-3* 

20 3567Ztm.pl: 

y-AGGCCrrrACCCAAGGCCACAAC-S' 



(SEQIDNO:229) 
(SEQIDNO:230) 
{SEQIDNO:231) 



ppm<;<^9,(DMA9679n: 
9679LtaLfl: 
25 S'-GACCCACGCGCTACGAA -3* 
96791.tm.pl: 

5'-CGGTCT€CITCATGGACGTC^ 
9679Ltni.rl: 

y-OGTCCACGGTrCrCCAGGT-3' 



(SEQIDNO:232) 
(SEQIDNO:233) 
(SEQIDNO:234) 



30 PRO9850(DNA5972?); 
58725.tnLfl: 

5»-ATGATreGTAGGAAATGAGGTAAAGTACT^3' 
58725.tnLpl: 

5*<:CATCTITCTCnX3GCACATO -3' 



(SEQIDNO:235) 
(SEQIDNO:236) 
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58725.tmj:l: 

5»-TOATCTAGAACTrAAAClTrGGAAAACAA 



(SEQn)NO:237) 



PROS39 (DNA ^74<^^156n: 

47465.taLfI: 
5 5LTXXX::ACCACITACrrCCAT0A^^^ 

47465.tm.rl: 

S^-ATraTCCTOAGATTCGACKIAACiA-y 
47465.trapl: 

5'-CIGTOOTACCCAATIX3CCGCCrroT-3' 

10 PPru^lfi mNA94713-256n: 
947l3.tm.fl: 

S'-GGTCACCroroGGACCTr-S' 
94713.tm.rl: 

5'.TOCACCTGACAGACAAAGC.3* 
15 94713.tm.pl: 

5'.Ta:cncAcrcaxTCCC^ 

t>y/viQ^nfpKAQ7n03-2649^l 
97003,tm.n: 

5'-AAGCXrrrrGGGTCACACTCT-3' 

20 97003.tmj-l: 

5'-TOGTCCACTClCrCXiTICV-3' 

97003.tm.pl: 

5'-aK3AGCTrcCTOTCCCTriT^ 



(SEQIDNO;238) 
(SBQIDNO:239) 
(SEQIDNO:240) 



(SEQIDNO:241) 
{SEQIDNO:242) 
(SEQIDNO:243) 



(SEQIDNO:244) 
(SEQIDNO:245) 
(SEQIDNO:246) 



25 it^ynucleaseassayreactionisafiuorescentPCR-bas^ 

activityof TaqDNApolyrneraseenzymetomonitor^^^^ Two oligouucleotide primers are 

us<^togenerateanampUcon typical ofaPCRi^ictl^^^ 

nucleoddescqueacelocaledbetweendietw^ ll.probeisBon^tendiblebyTaqDNApol>a.era^^ 
enzyme, andislabcledwithareportc^fluoresceatdyeai^ 
30 fromthereporterdyeisqucnchcdbythequenchingdyewhenthetw^ 

on tbe probe. During the amplification leacdon, the Taq DNA polymerase enzyme cleaves the probe m a 
template-depeodentmanner. The resultant probe fragments disassociate in soludon. and signai from the released 
.eporterdyeisfreefiomthequenchingeffectofti^^^^ 
foreachnewmolecalesynthesized.anddetectionoftheunquem^^ 

35 interpretation of the data. 
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The y nuclease procedure is run on a real-tinie quantitative PGR device such as the ABI Prism 7700TM 
Sequence Detection. The system consists of a thennocycler. laser, charge^oupled device (CCD) camera sfid 
computer. Thesystcman^>ljfiessatDplesina96-weUforniatona(hem^ 
fluotescent signal is collected iniTsaWiniethroughfibffl(qrt^ 
system includes software for nmnii« flie instrument and for jmal)rang to 

5'NucIeaseassaydataareiiiitianyexpressedasCt.orthethresholdcycIe. This is defined as the cycle at 
which the reporter signal accumulates above the background level of fluorescence. The ACt values are used as 
quantitative tneflsurement of the relative mimber of starting copies of apardcular target sequence inan^^^^^ 

saii?ple when comparing cancer DNA results to normal human DNA results. 

Table 6 describes the stage. T stage andN stage erf various primary himors whidj w«e used to screen die 
PR0197. PRO207. PR0226. PR0232. PR0243. PR02S6. PR0269. PR0274. PRO304. PR0339. PR01558. 
PROm PR01185. PR01245. PR01759. PR05775. PR07133. PR07168. PR05725. PRO202. PRO206. 
PRO264!pRO313.PRO342.PRO54ZPRO773.PRO861.PRO1216,PRO1686.PRO1800.PRO3562.PRO9850. 

PR0539, PR04316 or PRO4980 compounds of tbs invaition. 
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Tabic 6 

Vpr^ pine flpd Colon T^imor Pcoffles 

Primary Tumor §!§SS Q&^3m M^Sm^ TSm^SSS. 

Human lung tumor AdenoCa (SRCC724) [LTl] HA 
5 Human lung tumor SqCCa(SRCX:725)irnal HB 

Human lung mmor AdenoCa (SRCC726) p.T2] IB 

Human lung tumor AdenoCa (SRCC727) [LT3) lEA 

Human lung tumor AdenoCa (SRCC728) [LT4] © 

Human lung tumor SqCCa (SRCC729) DLT6] IB 
10 Human lung tumor Aden/SqCCa(SRCC730)(LT7] lA 

Human lung tumor AdenoCa (SRCC73 1) [LT9] IB 

Human lung tumor SqCCa (SRCC732) [LTIO] OB 

Human lung tumor SqCCa (SRCC733) [LTll] IIA 

Human Jung tumor AdenoCa (SRCC734) [LT12] IV 
15 Humanlungtumor AdenoSqCCa(SRCC735)[L'n3] IB 

Human lung tumor SqCCa (SRCC736) tLTlS] IB 

Human lung tumor SqCCa (SRCC737) tLT16] IB 

Human lung tumor SqCCa (SRCC738) (LT17] IIB 

Human lung tumor SqCCa {SRCC739)[LT18] IB 
20 Human lung tumor SqCCa (SRCCT40) [LT19] IB 

Human lung tumor LCCa (SRCC74I) [LTZl] IK 

Human lung AdenoCa (SRCCSll) (LT221 lA 

Human cxAon AdenoCa (SRCC742) [CT2] 

Human colon AdenoCa (SRCC743) [CT3] 
25 Human colon AdenoCa (SRCC 744) [CT8] 

Human colon AdwioCa (SRCC745) [CTIO] 

Human colon AdenoCa (SRCC746) [CT12] 

Human colon AdenoCa (SRCC747) [CT14] 

Human colon AdenoCa (SRCC748) [CT15] 
30 Human colon AdenoCa (SRCC749) [Cn6] 

Human colon AdenoCa (SRCC750) [Cri7] 

Human colon AdenoCa (SRCC751) [CTl] 

Human colon AdenoCa (SRCC752) [CT4] 

Human colon AdenoCa (SRCC753) [CT5] 
35 Human colon AdenoCa (SRCC754) [CT6] 

Human colon AdenoCa (SRCC755) [CT7] 

Human colon AdenoCa (SRCC756) [CT9] 

Human adon AdenoCa (SRCC757) [CHI] 

Human colon AdenoCa (SRCC758) [CT18] 

40 pj^JA Preparation: 

DNAwasprepaicdfromculturedcdlHnes,primarytuiiK)cs,andnorma^ The isolation was 

perfonned using purificadon kit. buffer set and protease and all from <»agen. according to tfae.manufaiWs 
instructions and the descripdon below. 

Cell culiure lysis: 

45 Cells were washed and trypsinized at a concenU^tion of 7^ x 10' per tip and peUeted by centrifuging at 

1000 rpm for 5 minutes at 4X, followed by washing again with 1>2 volume of PBS and recentrifiigation. The 
peUcts were washed a tbird time, the suspended cells collected and wasbed 2x with PBS. Ite celU were then 
suspended into 10 ml PBS. Buffer CI was equiUbrated at 4^0. Ql^gen protease #19135 was dttuted into 6.25 ml 
cold ddH,0 to a final concentration of 20 mg/inl and equilibrated at 4^. 10 inl of G2 Buffer was prepared by 
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diludng Qiagen RNAse A stock (100 mg/uai) to a final concentration of 200 jWg/mL 

Buffer Ci (10 ml, 4^) and ddH20 (40 nd. 4"^) were then added to tbe 10 ml of cett suspenaooi mxfid 
by inverting and incubated on ice for 10 niiiiutes. ITie cdtt mided were peUeted by centrifu^g in a Beckman 
swinging bucket rotor at 2500 ipm at 4*^ for 15 minutes. The supenmtant was (fiscarded and Ihe nuclei were 
5 suspended with avortex into 2 mlBufferCl (atA'C) and 6ml ddH^O. followed by a second 4**Cccmrifugation at 
2500 ipmfbr 15 minutes. Tbe nuclei were then lesuspended into the residual buffer using 200^1 per tip. G2 buffer 
(10 ml) was added to the suspended nuclei while gentle vortexing was applied. Upon con^letion of bulf cr addition, 
vigorous vorteTdng was ^pUed for 30 seconds. Qiagen protease (200 /il, prq)ared as indicated above) was added 
and incubated at 50°C for 60 minutes- The incubation and centrifiigation were repeated imlil ttie lysates weie clear 
10 ie.g„ incubating additional 30-60 minutes, pelleting at 3000 x g fa 10 min- 4*X3. 
Solid human tumor sample preparation and lysis: 

Tumorsan5>leswerewci^edandplaccdinto50mlcomcaltube5andheMonice. Processing was limited 
to no more than 250 jng tissue per preparation (1 tip/preparation). The protease solution was fireshly prepared by 
diluting into 6.25 ml cold ddHjO to a final concentration of 20 rog/ml and stored at 4°C. G2 buffer (20 ml) was 
15 prepared by dUuting DNAse Ato a final concentration of 200 mgfwl (from 100 mg/ml stock). The tunoor tissue 
was homogenated in 19 ml G2 buffer for 60 seconds using ttie large tip of the polytron in a laimnar-flow TC hood 
m order to avoid inhalation of aerosols, and held at room tempwature. Between samples, the polytron was cleaned 
by spinnii^ at 2 x 30 seconds each in 2L ddHA foBowed by 02 buffer (50 ml). If tissue was still present on tbe 
' generator tip, tbe apparahis was disassembled and cleaned. 
20 Qiagen protease (prepared as indicated above, 1.0 ml) was added, followed by vortexing and incubation 

at 50^ for 3 hours. Tbe incubation and cejitrifugation were repeated until the lysates were dear (e.jf incubating 
additional 30-60 ndnutes, pdleting at 3(X)0 x g for 10 min.. 4*C). 
Human blood preparation and lysis: 

Blood was drawn firom healtiiy volunteers uang standaid infectious agent protocols and citrated Into 10 
25 ml samples per tip. Qiagen protease was freshly prepared by dilution into 6.25 ml cold ddH^O to a final 
concentration of 20 rag/rd and stored at4«»C. 02 buffer was prepared by dilutingRNAs^ 
of 200 ^g/ml from 100 mg/ml stock. The blood (10 ml) was placed into a 50 ml conical tube and 10 ml CI buffer 
and 30 ml ddHjO (both previously equilibrated to 4*€) were added, and die components mixed by inverting and 
held on ice for 10 minutes. The nuclei were pelleted wifli a Beckman swinging bucket rotor at 2500 rpro. 4'»C for 
30 15 nunutes and the supernatant discarded. Witii a vortex, tiie nuclei were suspended mto 2 ml CI buffer (4*0 and 
6 ml ddHjO (4«C), Vortexing was repeated until die pellet was white. The nucld were then suspended into the 
residual buffer usmg a 200 ;il tip. G2 buffer (10 ml) was added to the suspended nuclei while gentty vortexing, 
followed by vigorous vortexing for 30 seconds. Qiagen protease was added (200 tA) and incubated at 50^ for 60 
minutes. The incubation and ccntrifugation were repeated until ti» lysates were clear (e^., incubating additional 
35 30-60 minutes, pelleting at 3O00 x g for 10 min., 4°Q. 
Purification of cleared lysates: 
(1) Igfolation of e jenomic DNA: 

Genomic PNA was equiUbratedd sample per maxi tip preparation) witii 10 ml QBT buffer. QFelution 
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buffer was equilibrated atSO^. The samples were vortexed for 30 secoads. then loaded onto equilibrated tips and 
drained by gravity. Ihe tips were washed with 2 x 15 ml QC buffer. TheDNAwasetotedint«>30iiilsnanized. 
autoclaved 30 ml Corex tubes with 15 ml QP buffer (50^. Isopropanol (10.5 ml) was added toeacb sainple. the 
tabes covered with parafin and fflixedby repeated inversiOT^^^^ 
5 oentrifligation in the 88-34 lotor at 15.000 ipm for 10 mimrtw at 4^. Ihe peHet locadoa was marked, the 
supernatant discarded, and l0nil70%elha»oK4«C) was added. Samples weiepeUeted'againby centrifiigationon 
the SS-34rotoratl0.000rpmforl0nunutesat4"C.TliepeUet location was maiiffidandthesupenmtant 
The tubes were then placed <m their side in a drying rack and dried 10 minutes atsrc. taking caie not to overdry 
the samples. 

10 Afterdtying. the pellets were dissolved Into 1.0mnB(pH8,5)andplacedat50^Cfor l-2hoar8. Samples 

were held overnight at 4«C as dissolution continued. The DNA solution was then transferred to 1 J nil tubes with 
a26gaugeneedleooatnberculinsyringe. Ibe transfer was repeated 5x in order to shear the DNA. Sampksweta 

then placed at S0°C for 1-2 hours. 

(2) Quantitation of trenomic DNA and preparation fw gene at npjification ass^y 
15 TiwDNAlevelsineachWb6werequantifiedbystandardAj«/AaK,spectrophotoiiietryonal:^^ 

(5 Ml DNA +95 /A ddHjO) using the 0.1 ml quartz cuvettes in the Bectanan DU640 spectwphbtometor. A»«/Aw, 
ratios were in the range of 1.8-1.9. Bach DNA sample was then diluted further to approximatdy 200 ng/mUnTB 
(pH 8.5). If the original material was highly concentrated (about 700 n»W). themalerial was placed at SO-C for 

several hours until lesuspended. 

20 FUiorometiic DNA quantitation was then perfonned on the diluted material (20-600 ng/ml) using the 

manufacturer's guidelines as modified below. TWs was accompKshed by aUowing a Hoeffer DyNA Quant 200 
naorometerto warin^ip for about 15minutes.TteHoechstdyeworkingsolution(«C3258,10MUpre^ 
Uhoursof use) was diluted into lOOnd UTNE buffet. A2inl cuvette was fitted withtftefluorom^ 
placed into theinachine. and themachine was zeroed pGEM32«4.)(2/d.lot#36085^ 

25 fluoron»ter8olutionandcallbrated8t200units. Anadditional2;dofpGEM3Zf(+)DNAwasthentestedBndthe 
ieadfaigconliiinedat400+^-10units. BachsamplewasthenieadaileastintripUcate. When 3 samples were found 
to be within 10% of each other, tiieir average was taken and this value was used as the quantification value. 

The fluorometricly determined concentration was then used to dilute each sample to 10 ns/iA in ddH,0. 
TOs was done simultaneouslyon all templatesamplesforasingleTaqMan^plateassay.andwift 

30 torunSOO^lOOOassays. Tlte samples were tested in triplicate with Taqmaa'*' primers and probe both B-actin and 
GAPDH on a sin^ plate with normal human DNA and no-template controls. H» diluted samples were used 
provided that the CT value of nonnal human DNA subtracted from test DNA was -t/- 1 a THe diluted, lot- 
qualified genomic DNA was stored in 1-0 ml aliquots at -80^. Aliquots which weresubsequently to beusedin 
the gene amplification assay were stored at 4»C. Each 1 ml aliquot is enough for 8-9 plates or 64 tests. 

35 Gene amplification assay: 

Ibe PR0197. PRO207. PR0226, PR0232, PR0243. PR0256. PR0269. PRO274.PRO304. PRQ339. 
PR01558. PR0779. PROUSS. PR01245. PR01759. PR05775. PR07133. PR07168. PR05725. PRO202. 
PRO206.PRO264.PRO313.PRO342.PRO542.PRO773.PRO861.PRP1216.PRO1686.PRO1800.PRO3562. 
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PRO9850, PR0539, PR043 16 or PRO4980 compounds of the invention were screened in the following primary 
tumors and the resulting Aa values are reported In Table 7A-7C. 
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